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UNCLASSIFIED 


INTRODUCTION 


The purpose of this report is to invite the at- 
tention of USAF personnel to the employment of the Avion 
Model 353 Infrared Automatic Search and Point System in 
the F-102A interceptor. 


A study was made to determine possible locations 
for installation of the retractable detector head of the 
Model 555 ASP package, and the method of interconnection 
with the existing power supply sources in the Р-108А air- 
plane. 


In addition, the possibility of using the con- 
trol panel of the existing radar unit for the ASP system 
will be determined by further study. 


Note: This is a preliminary study of the installation 
problems only. Further studies must be made to 
determine the desirability of incorporating the 
infrared system іп Ше Е-102А before a final ге- 
port can be made. 
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SUMMARY 


Ihis study shows that a retractable ASP package 
can be installed on the F-102À airplane with a minimum of 
structural changes. А minor reduction in speed during ex- 
tensive operation will occur due to the aerodynamical in- 
terference offects. 


Тһе location іп the lower nose assembly апа in 
the upper nose assembly (Drawing SD-56-08084) allow the 
installation of а retractable ASP package with a square 
search pattern of 229. 


These locations cause no interference with the 
electronic compartments. 


The weight increase for installation of the ASP 
system is approximately 55 108,, including hydraulic act- 
uators, doors, fittings, cables, switches, clamps, etc. 


No aerodynamic feasibility tests have been made, 
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RECOMMENDAT IONS 


ET It is recommended that operational analysis 
studies be made to determine the performance improvements 
of the weapon system that can be obtained by the employ- 
ment of the Avion koael 555 Automatic Search апа Point In- 
frared System. 


24 A simulated retractable ASP package should be 
installed in a fixed position on an F-102A to determine 
the aerodynamic interference effects during actual opera- 
tion. 


8. It is strongly recommended that the manufac- 
turers of the Avion Model 555 ASP system in close соор- 
eration with Convair Engineers study the following песез- 
sary improvements to make practical use of this system in 
high speed aircraft. 


ae Design and install а light-shut-off 
valve in front of the sensitive phote- 
се11 to make a fixed installation of 
the head possible. 


b. Reduce present 5" diameter of the head 
of the ASP package to comply with the 
aerodynamical requirements for high 
speed aircraft. 


с. Study the possibility of a 10 fest 
long attachment cable between the head 
and the electronics and power supply 
housed in the cylindrical container, 
which automatically increases the 
choice of separate locations for the 
head and for the cylindrical container. 
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DISCUSSION 


The Avion Model 555 ASP із an Automatic Search 
and Point System, sensitive to near infrared radiation. 


Тһе associated electronics enable the optical sys- 
tem to search Гог targets tbrough а square search pattern 
of up to 229, either manually or automatically, and to 
track them either manually or automatically, аз desired. 

There are four distinct modes of operation. 

1.1. Manual 

In the Manual mode, ASP will indicate the presence 

of a target, but will not track it automatically. 
2. ТгасК 

With the function switch іп track position, ASP, 

if it sees a moving target, will track it automatically. 
5. Search 
With the function switch in search position, ASP 


will search for a target through a square pattern up to 
889, 


4. SALO (Search Automatic Госк-0п) 


With the function switch in SALO position, ASP 
will behave exactly as in Search, in the absence of a tar- 
get. When а target is observed, however, ASP acquires and 
tracks it automatically. SALO is thus a combined search- 
and-track mode. 
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The unit consists of а head, a cylindrical con- 
tainer with the electronics and power supply, and & con- 
trol panel, which is attached to the electronics through 
a cable. 


The Head is & short cylinder 5" in diameter and 
4" long, witb a dome of special Dow-Corning O160 glass 
which passes IR (Infra-Red) within the operating passband. 
It contains the optical system and the photo cell. 


The electronics and the power supply are housed 
in an aluminum cylinder 5" in diameter and 24" long, which 
may be attached to the Head directly or through а short 
cable. 


The control panel contains all switches and con- 
trols plus a cross pointer bearing meter which at all times 
shows the relative position of the gyro with respect to the 
Head. 


The ASP system draws 35 watts from a 28 volt DC 
source, and 45 watts from a 115 volt, single-phase source 
of precision (+ 5%) 400 cycle current. 


Оп the control panel is а DC outlet, while а 
cable is attached to the 400-cycle source. 


The choice of location and the installation of 
the ASP package are complicated Бу the following require” 
ments: 


1. For proper operation, there should be по шад” 
netic materials in the vicinity of the Head and no metal 
at all for a distance of 4" around the Head. 


2. Strong targets like direct sun rays, search light, 
nuclear weapons, etc., should not come within the field of 
view in order to prevent damaging the sensitive photo-cell. 


5. The square search pattern of up бо 22° is only 
possible if а location is chosen which allows a view, un- 
obstructed by the aircraft structure. 
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4. To obtain the highest accuracy in performance 
of the ASP system, vibration of the ASP package by авго- 
dynamic wave effects must be avoided. 


5. The center of the square search pattern of the 
ASP system must be boresighted with the center of the search 
pattern of the radar system of the Ё-1083А, 


Drawing SD-56-08081 - Installation Avion Model 555 ASP 


3 View - Е-1083А - Various Locations (not recommended) 


Pose 1 shows the location of the retractable ASP package 
on top or in the leading edge of the wing. 


Due to the presence of the fuel tanks the installa- 
tion of the АБР package in the leading edge of the 
wing is complicated. 


Installing the package on top or under the wing 
will affect the flight characteristics of the 
Е- 102A E 


Pos. 2 shows the location of the retractable ASP package 
in the tail structure. Disadvantages are the un- 
stability of the top of the tail structure, which 
causes inaccuracies of the Search and Point system, 
and the extreme distance from the power-source. 


Pos. 5 shows the location of the retractable ASP package 
in the inlet duct structure. Іп this location 
the required square search pattern of up to 229 
is not possible, caused by interference of the air- 
craft structure in this search pattern. 


А complicated inlet duct structure re-design would 
be required to utilize this location. 
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Pos. 4 shows the location of the retractable detector Head 
of the ASP package on top of the canopy and the 10- 
cation of the cylindrical container behind the can- 
ору of the Е-102А. 


Due to the high bow wave effect at this location of 
the retractable Head this location is not recom- 
mended. 


Drawing SD-56-08084 - Installation Avion Model 333 ASP 


View Inboard ~ F-102A (recommended locations) 


Pos. 5 shows the location of the retractable ASP package 
in the upper panel of the nose section of the F-102A. 
А fairing on top of the nose is shown. 


Pos. SA shows the retractable detector Head with fairing of 
the ASP package at the same location, The cylin- 
drical container is located separately in the upper 
panel assembly. The power supply cable runs from 
the cylindrical container through the legs of the 
retract-structure to the Head. 


Note: The location mentioned in Роз. 5 and Pos. 

ОА is recommended for installation of a retractable 
inflight refueling probe as described in Convair, 
San Diego Report No. 2Р-8-046, titled "A report 

on Inflight Refueling Potentialities with the 
F-102A Interceptor аз a Receiver Airplane?! 


Technically it is possible to install both the re- 
tractable inflight refueling probe and the retract- 
able Head of the ASP package in the upper panel 
assembly of the nose section of the Е-102А, 


With the exception of two small wells in the top 
shelf of the electronic compartment there is no 
interference with the electronic packages layout. 
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Pos. 6 shows the retractable ASP package located in the 
lower panel assembly of the nose section of the 
Е-102А. 


At the same location а retractable Head with fair- 
ing can be installed leaving ample space to locate 
the cylindrical container separately. 


However, after tracking the target the ASP package 
has to be retracted before a missile is fired. 


A coil spring is built in the retract-system as a 
safety feature in the event of hydraulic system 
failure. 


Drawing 50-56-08094 - Installation Avion Model 555 ASP 
Leading Edge Wing Е-102А 


This drawing shows the location of a fixed Detector 
Head in the leading edge of the wing of the F-102A airplane. 


This location is only feasible if the design of the 
Avion Model 555 ASP Infrared System is improved as described 
in this study-report on Page 5, Recommendations š 2 ۰ 


The drawing shows a 34" and a 5" diameter for the 
Detector Head. A minimum diameter of 7" is required in the 
event, that а light-shut-off valve or cover has to be de- 
signed outwards of the Detector Head. 
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INTRODUCTION 
A study was conducted to examine the feasibility of using an F-106B 


airplane as a flight test bed for two nacelles containing 1-85-13 engines. 


The close, underwing installation requires a 26-inch section of the elevon 


surface to be removed from each side to allow for mounting of the nacelles. 
The work consisted of evaluating the effects of the nacelle installa- 
tion and the resulting loss of control effectiveness, on the performance, 
stability and control of the airplane. The study makes the assumption that 
torsional rigidity is retained such that aeroelastic losses аге propor- 
tional to the basic airplane. It further assumes that the yaw damper and 


turn coordinator meets the requirements of the new configuration. 


SUMMARY 

With two possible exceptions, the Phase II results indicate that the 
test missions can be carried out with no modifications other than those 
proposed. Hot day operation at 40,000 feet in the low supersonic region 
represents а, marginal condition which may necessitate special operating 
techniques to obtain certain test points. Тһе longitudinal characteristics 
exhibited by the airplane fall somewhat below the handling qualities 
criterion that was chosen for stability-augmented operation at the higher 
test altitudes. The unmodified damper does provide improvement to the test 
bed airplane inherent characteristics; the only question is one of acceptability 


of the available damping for carrying out the missions successfully. 
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WEIGHT AND С.С. MANAGEMENT 

The takeoff gross weight and c.g. range 15 dependent upon the 
amount of fuel required to accomplish the test mission as well as 
the fuel sequencing to be used. Two missions were examined using 
3 different fuel sequencing concepts. It soon became apparent that 
Әде to the fuel required by the J-75, it would be necessary to make 
some of the missile bay fuel available to the J-75 engine. 

The first sequence examined early in the program was one in 
which the missile bay tanks were integrated into the existing system 
(see Figure 1-3). This provided the basis for the weight-inertia 
parameters for the stability study and performance analysis. It is 
not recommended, however, since 1% requires too much ballast. 

Subsequently, another scheme was considered wherein the missile 
bay tanks were left separate from the basic airplane fuel system and 
used primarily for feeding the J-85 test engines. With separate fuel 


systems, а number of highly undesirable conditions exist which would 


unduly complicate the test program (see Figure 1-2). For example the 


center of gravity travel becomes different each time there is & change 
in time scheduling of the 7-85 use (for example а Mach 1.2 test vs. 

а Mach 2.0 test) and the same for any variation from that plan (such 
as delays in afterburner light-off or engine start, flame-outs, etc.). 
The c.g. becomes unpredictable in these events and the amount of 
ballast required to insure а stable airplane in all cases would create 


forward c.g. problems at other points. The aforesaid conditions will 
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exist regardless of how the 47-15 fuel system is sequenced. Тһе 
concept of providing manual transfer of fuel by the pilot in the 
event of &n emergency is also impractical since he would not know 
where the c.g. was at the time of ап emergency and would therefore 
risk the likelihood of creating & too far forward c.g. while attempt- 
ing to avoid an aft c.g., or vice versa. 

In order to provide a simple system, the scheme shown in Figure 
1-1 was derived and is recommended for adoption. This system makes 
use of the F-106B fuel sequence intact, (except that the "T" tank is 
eliminated in all cases) the only difference being that the missile 
bay tanks are placed between the existing system and the engines, with 
811 engines feeding from а common manifold line. This system will 
provide а c.g. travel which can be guaranteed between the existing 
airplane c.g. limits &t all times regardless of mission or emergencies, 
апа will require the least amount of ballast апа therefore the 
lightest weight. The proposed system would then operate as follows: 

1, 48 gallons from tank 1 


2. All of tank "Е" 


3. Remainder of tank 1 Existing F-106B 


4, All of tank 2 
5, All of tank 3 
6. Forward missile bay 


1. Aft missile bay fuel last. 
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There 18 also а potential of removing all the ballast from the nose, 
if subsequent investigations should show that reducing load factors 
to 5 would relieve that portion of the aft c.g. limit which 18 set by 
structural considerations. If this should turn out to be possible, 
the ramp weight would be reduced to approximately 40,450 pounds with 


а takeoff c.g. of approximately 28%. 


AERODYNAMIC DATA 

Revision of the aerodynamic coefficients was accomplished prima- 
rily to support studies for determining whether or not the existing 
дашрег апа turn coordinator systems will provide satisfactory airplane 
flight characteristics, and for investigating airplane response to 
thrust chops. Basic airplane aerodynamic coefficients, including 
elastic effects, were obtained from Reference 1. 
CONTROL DERIVATIVES 

Effect of the elevon cut-out on rigid airplane control derivatives 
was obtained by determining а reduced control effectiveness parameter, 
“у, from а collection of test data. Subsonic values for c, аге 


shown on Figure 2-1 as a function of control surface area ratio. Also 


shown on Figure 2-1 is the variation of کے‎ (with the elevon cut-out) 


with Mach number. It was assumed that Mach number effects on осу 
remained the same as for the basic airplane. Revised elevon control 


derivatives are given, with elastic losses included, on Figures 2-2 


through 2-6 ET 3 Су; РЕ. Cy , 6, The elevon control 
e e 


си а 


АЗ7?85-1 (REV. 8-85} 


Convair Division 


2.2 


2.3 


РАСЕ 4 


derivatives have been reduced by the ratio of Gc; with and without the 
elevon cut-out, and elastic attenuation factors are the same as for 
the basic airplane. 
STABILITY DERIVATIVES 

Subsonic lift and pitching moments were estimated from Reference 
2, and the data from Reference 3 were used as a guide for determining 
Mach number effects. The nacelle lift curve slope and pitching moment 
(for c.g. at .305с ) increments are shown as а function of Mach number 
on Figure 2-7. Effect of the test nacelles on static longitudinal 
stability, اد‎ for the elastic airplane is shown оп Figure 2-8 where 
the magnitude of Одо indicates that the test пасе11ев should һауе ап 
insignificant effect on the airplane's static longitudinal stability. 
Since the test nacelles are axisymmetric, side force, бу,” was assumed 


to be equal to lift force, С . The derivatives бр, апа Со, чеге 


Tog. 
obtained by multiplying Cy, by the appropriate moment arms. Increments 
in the lateral-directional static stability derivatives due to the test 
nacelles are shown on Figure 2-9. Comparison with the values of C, , 


бад ала С for the basic airplane indicates that the test engines 
should also have an insignificant effect on static lateral-directional 
stability. 
TEST ENGINE DRAG 

External drag increment of the test nacelles was estimated, assu- 
ming the engines to be operating with no additive drag due to inlet 


spillage. Wave, skin friction and subsonic pressure drag were obtained 
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from Reference 4. Total external drag for the two test nacelles is 
shown on Figure 2-10. Drag due to а dead test engine was approximated 
from windmilling engine drag for the Convair 990 (Reference 5) conver- 
бей to the test engine nacelle cross section area and F-106B reference 
wing area. Additive drag, assuming а mass flow ratio of zero, was 
estimated from Reference б. Total engine-out drag increment (per 


engine) is shovn on Figure 2-11. 


PERFORMANCE 
TAKEOFF AND LANDING 

Since the test engines decrease airplane ground clearance angle, 
а rough check of takeoff and landing speeds and distances was conducted 
to determine performance degradation. Examination of F-106A wind tunnel 
data in Reference 5 showed that the elevon cut-out would not cause the 
airplane to be elevator limited during takeoff and landing. Performance 
for the basic F-106B airplane is determined from Reference 7. Trimmed 
lift coefficients at maximum ground clearance angle, ав а function of 
center of gravity location, are shown on Figure 3-1 for the basic and 
test airplanes. Test airplane data on Figure 3-1 were estimated by 
determining ratios of trimmed C, for the basic airplane at minimum 


flight test demonstrated takeoff and landing speeds (from Reference 7) 


to the trinmed Сү, at а ground clearance angle of 16 deg. (from wind 


tunnel data in Reference 6). These ratios were applied to wind tunnel 


data at a ground clearance angle of 13 degrees to obtain test airplane 
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trimmed c. curves. Using the takeoff and landing charts 10 Appendix В 
of Reference 7 and trimmed C, from Figure 3-1 typical takeoff and landing 
performance was computed for the test airplane and compared with a 

basic airplane at an equivalent gross weight and center of gravity 


location. Results are tabulated below: 


TAKE OFF (MAX A/B POWER) 


0 Cega D Takeoff Î Gro оша | Distan ce nce Over 
E EM Mac) Speed PS 50 rt.Obstacle 
ЖЕЗ Lb. 
Test Airplane |39,200 | 25.9 .40 29 6700 
Basic Airplane | 39,200 | 25.9 3100 


шингэн | 

(lbs) | (#мас) er 
Test Airplane | 30,334 | 30.0 ‚50 161 4500 
Basic Airplane} 30,334 |30.0 „64 142 3100 


NOTE: 


Landing distance is for speed brakes extended and drag chute 


deployed. 


АЗ788-1 (REV, В-65) 


FR E s s |‏ جال alelet e S ЕЕ le fet i le e fe ee P o‏ جا اع واج 


GENERAL DYNAMICS REPORT. 000-66-062 


Convair Division 
PAGE T 


3.2 MISSION PROFILES 
Fuel required to accomplish the two most critical test missions 
was determined. Description of these missions is as follows: 

A. For Both Missions 
1, Climb to 25,000 ft. with J-75 in A/B power, J-85 off. 
2. Light J-85 and climb to 40,000 ft. with J-75 in А/В 

power, 1-85 at MIL power. 

Mission f 
1. Accelerate to M - 1.2, 7-85 end J-75 in A/B power. 


2. Cruise at M = 1.2 for 15 шіп, J-85 in A/B power, 


4-75 аз required to maintain M = 1.2. 


Mission #2 


1. Accelerate to М = 2.0, 7-85 апа Ј-75 іп А/В power. 
2. Cruise at М = 2.0 until depletion of fuel, 2-85 in 
А/В power, 7-15 as required to maintain M = 2.0. 
А summary of the fuel required to accomplish these missions is 

presented оп Table 3-l,based оп a ramp weight of 40,993 lbs. Mission 
#1 can be accomplished with reserve fuel of 3279 lbs. for the 2-15 and u 
1562 lbs. for the J-85. For Mission #2, 3.8 min. cruise at M = 2.0 
is available if separate J-75 and J-85 fuel systems are used, and 6.7 
min. is available if the fuel systems are manifolded. It should be 
noted, however, that minimum speed of the basic airplane at test gross 


weights and 40,000 ft. is about 1.47 (J-75 minimum A/B power), while 
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maximum speed with MIL power is about M = .98. A check was therefore 
made to determine whether or not the M = 1.2 cruise portion of Mission 
#1 can be accomplished. Results are shown on Figure 3-2 where thrust 
required, at 40,000 ft. is shown for the basic airplane at W = 36,000 


ibs. and for the basic airplane plus external drag of the test engines. 


Thrust available with J-85 at max. A/B power and J-75 at MIL power is 


also shown. It is seen that М = 1.2 can be sustained with this power 
on а standard day, but hot-day operations might necessitate special 
operating techniques, such as operation at lower altitudes or decelera- 


tion through the desired test speeds. 


MANEUVERING CAPABILITIES 
LOAD FACTOR CAPABILITY 

A brief examination of the effect of the elevon cut-out on load 
factor capabilities was accomplished. A check of basic airplane 
hinge moment coefficients showed that the elevon cut-out had a 
negligible effect so that test airplane hinge moments would be changed 
only by the reduction in elevon area. Since the maximum hinge moment 
available from the hydraulic actuators is unchanged, maneuvering 
capability will be degraded only in the regions where the airplane 
is elevator limited. Load factor capability for the test airplane 
is shown on Figure 4-1 compared with the basic airplane. 
ROLLING PERFORMANCE 

At this stage of the analysis, possible restrictions on allowable 


aileron deflection (such as those imposed with external tanks) have not 
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been established, Therefore, по quantitative roll performance will 

be presented. However, the effect of the elevon cut-out is to reduce 
roll rate by about 12% at maximum aileron delfection. Rolling perfor- 
mance of the basic Р-1068 (from Air Force Category II tests) is given 


in Reference 8. 


ENGINE FAILURE MODE 

Addition of outboard engines to the F-106B airplane raises two 
questions relative to the loss of thrust from one outboard engine: 
Is there adequate control power to maintain control of the airplane? 
Are the resulting loads, particularly on the vertical tail, within 
the design limits? 

To evaluate the dynamics of the engine-out mode, a digital сош- 


puter program was written, incorporating the equations of lateral- 


directional motion (Eq. 1-3) and of the rudder (Eq. 4-11) and aileron 


(Eq. 12) control systems. Тһе equations are given in Figure 5-1. 
Hinge moment limits (although never reached) were applied in the 
rudder case but not for the aileron considering that the elevon 
actuators are several times more powerful than the rudder actuator. 
For simplicity, the equations of longitudinal motion were 
deleted. The assumption of constant speed does not degrade the use- 
fulness of the results, considering that the significant events occur 


within a few seconds following engine failure. Indeed, the equations 
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of motion could have been further simplified with no significant effect. 
Three flight conditions were investigated: 
(1) М = 2.0 at 30,000 feet, GW = 37,000 lbs. 


(2) М = 1.2 at 55,000 feet, СИ = 34,000 lbs. 


(3) M = 2.0 at 55,000 feet, GW = 34,000 lbs. 


The first condition represents maximum dynamic pressure, the 
others were selected to investigate controllability in the low- 
damping regime. 

Certain assumptions were made relative to the nominal engine 
failure simulation: 

а. Тһе right-hand engine fails, 

b. The afterburner thrust decays linearly to zero in 0.2 

seconds, 

The basic (4-85) engine thrust decays exponentially with a 
time constant of 1.5 sec. (based on experimental data for 
the JT3D engine), 

The lift increment resulting from engine thrust loss had a 
maximum value of 1600 lbs. at condition (1) above, and 
varied directly with 94%. 

The pilot's corrective action lags behind the start of 
engine failure. 

These assumptions were, on occasion, varied such as to aggravate 
the problems of controllability or vertical tail load. Deactivation 
of the yaw damper-turn coordinator was examined, as was the omission 


of pilot-applied rudder. 
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Table 5-1 summarizes the significant parameters for the computer 
solutions, together with the peak values of roll angle, sideslip angle 
and vertical tail load. 

Condition (1) results indicate a nominal maximum load on the 
vertical tail of 5000 155, whether or not the pilot applies corrective 
rudder. Іп the latter case, the turn coordinator introduces -0.35 deg. 
of steady state rudder, holding the airplane in -0.6 deg. of sideslip. 
This corresponds to a steady-state tail load of approximately 4500 lbs. 

For case (1с) the engine thrust decay time constant, نے‎ vas 
reduced to 0.1 sec. and the pilot-applied rudder was delayed 2.0 sec. 
The result of this very conservative simulation is shown in Figure 5-2. 
The peak vertical tail load of 7450 lbs. is well below the design limit 
of 24,000 lbs. ‘The simulation did not include any reduction of rudder 
pedal force; therefore a meaningful steady-state condition is not 
achieved. It is demonstrated that there is sufficient rudder power 
to reduce the sideslip angle to zero with sufficient margin to reverse 
it to 0.3 deg. or more. Roll control constitutes no problem, with the 
bank angle never exceeding five degrees. The momentary application of 
full aileron (7°) results from the choice of gain factors in equation 
(1%) and is not necessarily typical of a pilot's response. Тһе momen- 
tary tail load due to aileron deflection at t = 1.5 seconds would, if 
applied at $ = 0.6 seconds, increase the peak load on the tail. Never- 
theless, the total would still be far below the design limit. Comparing 


cases (la) and (1d), one can see the load effect of applying corrective 
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aileron with less delay. 

Application of the 4. factor to the thrust-inducel lift (assumption 
d, above) gives в lift increment of 150 lbs. for M = 1.2 at 55,000 feet. 
For conservatism, this was increased to 200 lbs. for case (2а) and to 
400 lbs. for cases (2b), (2c) and (24). As expected, the tail loads 
were low. Neither were there any problems of controllability. In 
every case the sideslip was reversed despite an inadvertent restriction 
of rudder deflection to the limits of condition (1). This resulted 
from the failure to change the value of к Equation (7), with the 
change in Ч. * 

Condition (3) 15 represented Бу cases (За) апа (3Ъ), applying 
asymmetric lift of 500 lbs. and 1000 108., respectively. Но problems 
with 10848 ог control аге evident, Тһе same comments ав above apply 
relative to sideslip and available rudder deflection. 

In summary, the addition of 2-85 engines under the wings of the 
F-106B does not cause any problems with either the tail loads or the 


controllability associated with engine failure. 


DYNAMIC STABILITY 
LONGITUDINAL 

The modifications proposed for the Е-1068 have little effect оп 
the inherent longitudinal stability of the airplane. 

The phugoid mode presents no problem on the USAF airplane, ала по 


attempt was made to analyze the mode formally. The increase in drag 
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on the test bed 15 the only significant parameter affecting this mode 
and its effect should be to improve the damping. 

The variations in the stability parameters of the short period 
mode, caused by the a.c. shift resulting from the engine installation, 
are negligible. The effect of higher gross weight is more pronounced, 
yielding lower frequencies and damping, as expected. Overall, the 
characteristics exhibited by the modified F-106B without the damper 
system still provide positive damping witn relatively small changes 
in period turoughout the flight regime. Figure 6-1 shows a comparison 
of the characteristics exhibited by both airplanes. 

Stability Augmentation 

Augmentation was examined using the present damper system with 
nominal gains and time constants together with the 2 degree-of-freedom 
short period equations. The study included в cross-section of gross 
weights and c.g's sufficient to cover the proposed c.g. control pattern 
described in Figure 1-3. The conclusions reached indicate trends which 
can be generalized to some extent and adapted to other c.g. patterns. 


The altitude Mach envelope covered is described in the following 


table. 
Altitude Mach Range 
S.L. 0.25 to 1.0 
15 М 0.6 to 1.2 
30 M 0.8 to 1.5 
45 M 0.8 to 2.0 


55 M 0.9 to 2.0 
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With periods expected to range from approximately l second to 
somevhat less than 5 seconds, the damping of oscillations to 1/10 
amplitude in one cycle was used as the criterion for good handling 
qualities. This criterion is equivalent to а damping ratio characte- 
ristic ( Z = damping/critical damping) of 0.344. 

The results indicate that the present damper is adequate to handle 
the modified airplane at low altitudes regardless of Mach number, gross 
weight and c.g. condition. This is illustrated in Figures 6-2 апа 6-3. 
Thus no problems are anticipated in the take-off, initial climb and 
approach maneuvers. 

The combined effects of increased gross weight and especially 
loss of control effectiveness through the elevon cut-outs, show. some- 
what marginal characteristics with respect to the criterion, at both 
ends of the speed range, at the test altitude (see Figure 6-4). Тһе 
same curves show satisfactory damping in the transonic region. 

Some general trends can be observed from the computed data for 
the higher altitudes: 

а. Effect of G.W.: lower damping and frequency with increasing 

weight. 

b. c.g. effect: 

1, Subsonic flight: damping improves as the c.g. moves aft. 
2. Supersonic flight: damping improves as the c.g. moves 
forward, with the cross over occurring in transonic flight. 

c. Effect of speed: the best damping is obtalned in the transonic 


region; it deteriorates slowly with speed increases. А more 
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rapid fall off is observed in the lower speed regime. 

d. The computed frequencies for the modified airplane show 

only small differences when compared with the Е-1068 at 
Similar G.W. and c.g. conditions. 

The loss of control effectiveness has the effect of lowering the 
damper loop gain. It appears that a simple upward revision of the 
pitch rate gain would improve the flying qualities of the airplane. 

The behavior of the frequency parameter suggests that the compensating 
network values can be left untouched. 

It should be emphasized that there is no magic about the criterion 
selected from the handling qualities standpoint. А lower damping 
factor is merely a question of acceptability by the human controller, 
e.g. © = 0.25 is equivalent to 1/10 amplitude in 1.4 cycles which is 
quite acceptable to some pilots. Іп the present situation we would 
recommend that the airplane be flown at least initially, with the 
present damper system. To preclude the possibility of having to delay 
or stop the tests to analyze a situation where the system may prove 
unsatisfactory in flight, Convair suggests that such analysis be done 
prior to flight in order to have a firm, positive standby solution 
if the need arises. From results now available, such a solution should 
not entail a change from the present "black-boxes". 

6.2 LATERAL-DIRECTIONAL 
No study was made of the lateral-directional characteristics under 


this part of the program. Although this can be justified in this initial 
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phase by the nature of the modification, we suggest that a brief 
analysis be carried out prior to flight. 

A quick approximation shows that somewhat lower frequency and 
damping should result from the increased inertias. Variations in 
the static aerodynamic derivatives are of the order of 2% and should 
contribute little change from the basic airplane. A plus factor is 
the fact that control effectiveness is maintained. Altogether it 
appears that the present yaw damper can handle the airplane. 

The Turn Coordinator applies rudder in proportion to sileron 
deflection with a gain K. , which is а function of dynamic pressure, 


‚а 
а. The change in the ДА transfer function due to the elevon cut- 


outs and increased inertias, indicates that К, should be revised 


downward. This should be investigated from the handling qualities 


standpoint. 
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Both Missions 


Takeoff and Accelerate to Climb Speed 
Climb to 25,000 ft. 
Climb to 40,000 ft. 


Mission д 


Accelerate to М = 1.2 
Cruise ах М ж 1,2 Тот 15 шіп. 


Descent 


TOTALS FOR MISSION FL: 


Mission #2 


Accelerate to M = 2.0 
Cruise at М = 2.0 for 3.8 min. 


Descent 


+» Cruise at M = 2.0 for addit mal 2.9 шіп 


NOTES: %7-85 fuel flow at Mil Power not available at Convair. Time to climb 
from 25 K to 40 K is 1.3 min. 


УТ? the remaining 2254 lbs of J-05 fuel is shared with the J-75, an 
additional. 2.9 min. cruise at M = 2.0 is available. 
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FIGURE 5-1 | 


AIRPLANE AND CONTROL SYSTEM EQUATIONS 
(0 ба feos ہم‎ + ЖЫ |с + Сива 
| | b 2 ж 
+ Cy tr + (Срб + Съ) 
@ $= т Ч cose + Ө,)ў + (gl) sin $ cos $ 


T cu + Сва + б, 58 720 A (0,4 i تہ‎ 


* cas 


8) we sec ЯВ (pcos ¢ sin $) + (Twente) Gy sing 


СТА Cng Sa + Cn; Bn * га, Съ? +09) 


All angles are іп radians, 
LA is ky distance of the outboard engines from the XZ plane, feet, 
а = -To 1s the dynamic pressure, 15/542 ? 
ЕЭ is the asymmetric lift per unit thrust resulting from failure 
© of the right hand engine, | 
F, is the thrust change for the right hand engine (negative for 


thrust loss), lbs. 
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FIGURE 5-1 (Continued) 


In the following equations, the variables are in degrees. They vere con- 


verted to radian measure prior to substitution in Equation (1)-(3). 


(4) 
(5) 
(6) 
(7) 


where 


. ^ ^ А 


B= куф-кав -8, 


3 = Ks, дА 
Е | E ^ 
r, = (ТЕ s Še, | 


Кар, K3 and КА, gains of the yaw damper/turn coordinator, are | 


functions of compressible dynamic pressure, de 


5 Ёз 
Tp 
Ер 


р 


(8) 


is the pilot-commanded rudder angle, deg. 

is the pilot's lag, sec. | 

is the applied rudder pedal force, lbs. 

із the rudder feel spring stiffness, lbs/deg. 


5, = k (s )م5‎ + Evan | MRR Ж 


чћете К, is the forward loop gain (веб at unity for this study) 


бах 


із the minimum rudder error at which maximum hydraulic flow 


occurs (valve wide open), deg. 


EMR is the maximum available rudder hinge moment = 6000 ft-lb. 
Max | | 


FIGUME 51 (Conti җа) | 
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Зах | 


ш Fe = Рав (1-5; $) + Ри (I- ee) , Fra (lj) > o 
where | А is total thrust change on the ЭН engine 1be. 
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yy is the ны ary thrust om the ВИ engine, lds. 
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INTRODUCTION AND SUMMARY 


The Convair Е102А, the most effective АЈ] Weather Supersonic 
Interceptor that has been produced in quantity, is serving in squadrons 
of the Air Defense Command of the United States Air Force defending the 
United States against attack. 


FLOGA Interceptors are being tested by Convair and by the USAF. 
Quantities are being produced at the Convair San Diego Division of 
General Dynamics Corporation, to supplement the Г102А Interceptors 
already in service. 


These Convair aircraft, because they are of delta-wing design, are 
fundamentally superior to the more conventional types of aircraft for 
interceptor and fighter missions. They are simpler, safer, and more 
rugged. Their superiority and safety is being demonstrated daily. 


The size and arrangement of the F102A and FLOOA aircraft make 
them adaptable to various types of armament and equipment. Thus they 
have great potential nòt only as interceptors but for other uses as well. 


This report shows these aircraft adapted to combined Interceptor 
Fighter-Bomber missions. It is divided into three main sections. The 
first describes the inherent advantages of Delta Wing aircraft. It 
explains why Delta Wing aircraft are superior to other aircraft for 
Fighter missions. 


The second section shows how by simple modifications FLO2A's can 
be given an air-to-ground Fighter-Bomber capability while retaining 
an effective air-to-air capability. The modifications envolve adding 
a simple optical bombing system and modifying the aft armament compart- 
ment to carry bombs and additional fuel. Provision for carrying missiles 
in the forward armament compartments and rockets in the armament сощ- 
partment doors remain unchanged. 


In the third section similar changes to FlOÓA type aircraft, to 
add air-to-ground bombing, are described. The modifications are to 
the rear half of the armament compartment to permit carrying a variety 
of bombs while missiles are carried in the forward half. Thus an 
air-to-air capability is retained. 


Included in a final section is a discussion of the Е102/Е106 aircraft 
аз All Weather Fighter-Bombers attainable because of their tremendous 
growth potential. 
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ADVANTAGES OF Е102/Е106 DELTA WING AIRCRAFT 


Delta Wing aircraft are inherently superior to other aircraft for fighter 
missions. This is because using the Delta Wing makes it possible to obtain 
more of the essential major characteristics needed in fighter aircraft than is 
possible with other wing shapes. There are four major characteristics of an 
aircraft which should be considered in determining its true combat value. 
They are: 


1. Speed that can be made good in the large variety of missions that will 
be encountered in actual combat. This speed approaches the cruising speed 
more closely than the high speed. However, high (maximum) speed is such a 
spectacular characteristic it tends to obscure others and as 8 consequence is 
often given much more weight than is justified. In fact, in some cases, it 
appears to be used to the exclusion of other characteristics in judging 
aircraft. 


2. The military load that can be carried. The armament must be sufficient 
in kind and amount to be effective against the target. The weapon control 
system must be sufficient in kind and amount to ascertain that the weapons will 
reach the target. These two items comprise the military load. It should be 
noted that military load rather than useful load is used as one of the determin- 
ing criteria. Useful load is an arbitrary term including fuel and other items 
which іп no sense сап be considered "pay load". Fuel is а means to an end not 
an end in itself. The less fuel needed to accomplish the míssion, the better. 
Useful 1084 includes &rmament but excludes the fire control system. Тһе reason 
for а fighter is to get the armament and its guidance system to the battle 
zone, therefore the fire control system is a part of military load. 


3. Combat Radius - Radius of Action. Тһе combat radius and/or endurance 
must be sufficient for the aircraft to reach the target zone &nd conduct combat. 


4, Weight - The above must be accomplished at minimum weight. А poor 
aircraft arrangement or selection of major components which leads to excess 
weight diminishes the ability of the airplane to accomplish one or more of the 
above items of its task. 


Military threats have been advancing so fast that the speed, military load 
and combat radius have been desired in unlimited quantities which, of course, 
cannot be provided. Therefore, the best combat aircraft is that aircraft whinh 
provides these factors in the greatest quantities when they are provided in 
proper proportions, and does so at minimum weight. 
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Delta Wing aircraft have high cruising speeds and good economy (high L/D) 
throughout the speed range. The high sweepback angle (602) minimizes the drag 
rise and causes it to occur at a high critical Mach number. The absence of 
а horizontal tail eliminates its drag and its associated interference drag. 

These same factors contribute to high rate of climb, high ceiling and to minimizing 
fuel used during climb. 


The delta wing design has far greater military load carrying capacity per 
pound of weight than more conventionally arranged aircraft. This is largely 
due to the fact that in the delta wing design, where the horizontal tail is 
eliminated, а large wing area (low wing loading) is required. The delta shape, 
because of its long root chord, provides a thick wing section even through the 
percentage thickness (thickness/chord ratio) is. smell. Тһе net result is that 
there is а large amount of useable space in the wing for minimum cost in weight 
and drag. This wing space is used for carrying most of the fuel which frees 
the fuselage space for much needed armament and weapons control equipment. 


Present day fire control systems, that provide adequate solutions to the 
problems imposed upon them, are necessarily complicated and volumnous. Adequate 
space, properly arranged is required for their instalition and servicing. The 
7102-7106 delta wing aircraft provide such space. They also provide for the 
ready installation of constantly improving equipment. 


A most important result of using а large delta wing rather than a smaller 
wing with lift augmenting devices is that it provides internal space for most 
of the fuel. When most of the fuel is carried internally the range is maximized. 


In addition to the space afforded by the wing the delta shape provides the 
most strength where it is most needed, that is, at the wing root. At this 
section the bending and torsional loads are a maximum. Carrying the fuel 1084 
in the wing distributes it better over the lifting surfaces than it would be if 
carried concentrated in the fuselage with other load items. Тһе net result is 
that the delta wing design is lighter than other designs. 


These characteristics of the delta wing design are inherent and cannot be 
matched by other designs. Ав mentioned above they determine the ability of the 
aircraft to perform its function in the large variety of missions encountered 
in actual combat. Other things being equal the delta wing aircraft is bound to 
perform better. 


In contrast conventionally arranged aircraft have little or no space in 
their wings for fuel and must utilize valuable fuselage space for it. The 
resultant crowding of the fuselage space makes servicing of the equipment in it 
difficult and makes it necessary to carry armament externally. This degrades 
performance. 
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With the exception of one, which is twice the gross weight of the F102, 
all of the non-delta wing century series aircraft аге deficient in one or more 
of the following: 


l. Fire control system seriously limited. 

2. Fire power seriously limited. 

3. Inadequate space for internal carriage of weapons. 
4, Inadequate space Рог imternal carriage of fuel. 


In addition to high combat effectiveness the other inherent advantages of 
F102/Fl06 Delta Wing aircraft are: 


Simplicity 

Ruggedness 

Good Control & Stability 

Good Performance other than Speed and Endurance 
Sefety 


Simplicity 


The sketch on page 6 shows why Е102/Е106 delta wing aircraft are relatively 
simple. One set of elevons are used for both longitudinal and lateral control. 
High lift is obtained by simply using large wing area. No lift augmenting 
devices are used. 


In contrast the conventional type of airplane uses movable ailerons, 
elevators and stabilizers for longitudinal and Lateral control; and flaps 
perhaps slats also for lift augmentation. The fewer movable control surfaces 
and their actuating mechanisms lend rigidity and ease of maintenance to Ғ102/Ғ106 
Delta Wing aircraft. 


Pilots have more freedom with fewer controls to actuate; hence find the 
delta wing aircraft safer. For example, consider a landing. In F102/F106 
aircraft besides the throttle, stick and trim controls the pilot has to actuate 
only one control, the landing gear. Іп other aircraft there may be ав many ав 
four; the landing gear, flaps, slots and the boundary layer control. 


Ruggedness 


Supersonic, even high subsonic, aircraft benefit aerodynamically by high 
wing leading edge sweep-back and low wing thickness ratios. The delta wing 
shape provides these desirable aerodynamic characteristics and at the same time 
closely approaches the ideal shape for structural strength and stiffness. High 
stiffness is desirable to avoid flutter and diminished control effectiveness. 


Conventionally arranged &ircraft must have strength and stiffness provided 
through the use of excess structural weight, inadequate wing area, excess 
thickness ratio or some cogbinstion of these. 
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Control and Stability 


The characteristics which give an aircraft good combat:: effectiveness 
have been enumerated above. Combat; effectiveness can be nullified however 
unless an aircraft also has good control and stability characteristics. Оп 
the basis of data in the pilot's handbooks for U.S. built fighter aircraft, any 
fair comparison with respect to the following will show the ۶٥2/106 aircraft 
to be far in the lead. 


1. Low speed handling 

2. 86611 characteristics 

3. Immunity from buffeting 

ц. Stability e 
5. Immunity from pitch-up 

6. Immunity from transonic trim changes 


Other Performance Factors 


While the speed, military load and combat radius are the principle factors 
determining the combat effectivenss of Bircraft, these must not be achieved 
at the expense of other important characteristics. The 2102/Е106 airplanes rate 
high in: 


l. Rate of climb 

2. Low landing speed 

3. Short t&ke-off and landing distances 
h. Power-off glide distance 


Safety 


Air Force accident; records for fighter types show the FLO2A airplane to 
be the safest yet built. The major accident rate per thousand flying hours 
after the first year and half in operational service for Р102 &irplanes is far 
below (approximately 2/3) the next best airplane іп а like service period. 
Further the fatalities per thousand hours are far below those of the next best 
competitive airplane. Іп addition, the major accident rate forecast for the 
year 1951-1958 shows FlO2 aircraft to be below any other of the century series. 
The exact figures are available in Air Force quarterly accident records. 


This demonstrates, at least in part, the inherent safety of the delta wing 
design. Simplicity yields safety іп several ways. First the pilot has fever 
controls to operate and think about. His job is easier and he is likely to 
make fewer mistakes. The delta wing airplane does not "stall" in the normal 
sense of the word. Аб a result the fev accidents that have occurred on take-off 
and landing have been less damaging. The inherent ruggedness of the airplane 
has played a part in reducing fatalities and damage. 


The F102/FLO6 Delta Wing aircraft have more useable space which means better 
access for inspection and servicing. Units which require it get better service 
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F102 INPERCEPTOR-FIGHTER BOMBER - DESCRIPTION 


In the preceeding pages it was shown that F102/F106 Delta Wing aircraft have 
inherently high combat effectiveness as compared with more conventionally arr&nged 
aircraft. This inherent superiority applies not just to F102/F106 Delta Wing air- 
planes on interceptor missions but to these aircraft on any fighter mission. The 
allocation of internal fuselage space, the nose section to the radar and fire 
control system and the mid-fuselage section to armament is the ideal arrangement 
for fighter bombers. Accordingly the Е102 can be converted to an outstanding 
Fighter Bomber. 


This study shows that the FlO2 aircraft by relatively simple modifications 
can be given an air-to-ground bombing capability while retaining an air-to-air 
capability. Briefly the modifications envolve adding a simple optical bombing 
system and modifying the aft armament compartment to carry bombs in the center 
bay and additional. fuel in the side bays. The forward armament bays will remain 
unchanged. Three GAR missiles and the 24 ГРАВ rockets will be retained. 


Although a slight reduction in air-to-air capability would accompany the 
modifications, improvements in weapons already scheduled for the near future 
(GAR-Y type) would restore the single pass air-to-air kill capability. 


The addition of the air-to-ground capability can be achieved at a small 
(approximately 4%) increase in combat weight thus allowing a negligible reduction 
in interceptor strength factors. 


The missions of the modified Е102 Interceptor-Fighter Bomber would be to 
intercept and destroy enemy bombers or fighter bombers under all conditions of 
weather and visibility and make optical air-to-ground attacks on enemy install- 
ations in the toss or over-the-shoulder modes of bomb release. For air-to-air 
attacks it is preferable that operation be in conjunction with ground-alert and 
ground vectoring equipment but Е1028 are capable of free lance attacks when 
warned by any means. 


The configuration of the airplane is characterized by a 60° delta wing with 
trailing edge elevons and a highly swept vertical tail. There is no horizontal 
tail. Тһе fuselage is featured by а pointed nose radome, "N" shaped windshield, 
side located engine air inlet ducts, and a waisted midsection. 

Data. 
Gross Weight 30132 Length 68 ft., 4.68 in. 
Wing Area 695 sq.ft. Span 38 ft., 1.6 in. 
: Vertical Tail Area 95 sq.ft. Height 21 ft., 2.53 in. 


For air-to-air attacks the airplane has a Hughes fire control system. This 
system controls the airplane in the pre-attack, attack, armament launching and 
post attack phases of operation. The radar and fire control system are located 
in the nose section of the fuselage while the armament is stowed internally in 
forward bays in the lower mid-fuselage section. The armament bays are equipped 
with quick-opening doors and displacing mechanisms. 2.75" folding fin rockets 
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are stored in tubes in the armament bay doors. 
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For air-to-ground attacks it is proposed to install optical sighting (Labs) 
equipment. The sight head would displace the present optical sight used with 
the Hughes equipment. Provisions for armament (bombs) would be made in the 
aft armament bays in the lower mid-fuselage section. 


A Pratt and Whitney J-57 turbojet engine powers the airplane. The engine 
has an axial flow dual-spool compressor and is equipped with an afterburner. 
In the normal configuration 811 the fuel is carried internally. Two 230 gallon 
dropaway pylon mounted wing tanks can be used to extend the range of the 
airplane. While carrying these tanks the airplane cruises at high subsonic 
speeds. 


Е102А development features include an area rule fuselage with в press- 
urized cockpit; a fully powered flight-control system which utilizes elevons 
to provide both aileron and elevator action from conventional cockpit controls; 
and а tricycle landing gear equipped with an electrically controlled and ту 
hydraulically powered nose wheel steering unit. 


Air-to-Air System 


The FlO2A airplane, the Hughes fire-control system, and the Falcon and 
Folding Fin Rocket armament have been integrated into ап 811 veather combat 
weapon system designed for use in the interception of aerial targets. It is 
&utomatic in operation and is capable of &ttacking airborne threats from any 
aspect. There аге plans to give the system diversity in the form of ап 
infrated mode for supplementing its radar operation during effective counter- 
measures or under radar silencé conditions. 


The fire control system represents the most modern operational equipment 
available for countering Light-to-heavy bomber threats. It is all-weather 
all-aspect equipment designed to searbh out, detect, identify, and track hos- 
Bile aircraft and from а lead collision or tead pursuit course launch radar 
and infrared Falcon missiles and standard 2.75 inch FFAR rockets. 

This weapon control system provides the following principal functions: 


(a) Utilization of ground-controlled interception (GCL) facilities for 
directing the interceptor to the target area. 


(0) Detection and tracking of targets under 611 conditions of visibility 
and weather. 


(c) Automatic flight control. 


(4) Automatic firing of guided missiles or rockets under conditions 
leading to a high probability of Kill. 


(e) Complete communication, navigation, landing, and identification 
features. 


(?) Broadcast control and free lance operational capabilities. 
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In normal operation the interceptor is directed to the target zone by 
ground control. The target is detected by the interceptor system, selected and 
locked on by the pilot, and the interceptor is flown automatically to weapon 
release. After automatic launch of weapons the pilot performs a pull-out 
maneuver and is returned to base. 


The radar subsystem employs а conical scan search and acquisition radar 
and in conjunction with other subsystems, comprises а complete airborne system 
which can operate independently of ground control when such facilities are not 
available or аге in-operative. Under these conditions the pilot, warned of the 
approximate position of enemy aircraft by any means whatever, initiates search 
for the target and upon acquisition, the interceptor is flown automatically to 
completion of attack. с 

Additional weapon system features are anti-chaff tracking circuits, and а 
pilot tunable radar transmitter frequency. Automatic instrument landing 
approach system (81186) functions are accomplished in conjunction with existing 
Instrument Landing System facilities. The system also includes beacon and 
ground mapping for use as navigational aids. 


Air-to-Ground System 


There аге а number of optical (Labs) bombing systems available, anyone of 
which could be utilized in Е102 aircraft to provide means of delivering an 
air-to-ground attack. Most of these systems weigh. about the same and utilize “ 
the same inputs. Generally they consist of а bombing computor, а simple optical 
sight and suitable indicators for the pilot. Likewise the various systems 
compute the same modes of bomb delivery including the toss and over-the-shoulder 
modes. 


For this study the installation of a typical Labs system has been assumed, 
and the estimates made are based on one of the low altitude typesof bomb delivery. 


Radio navigational aids already installed in the airplane аге the most 
modern available. Іп addition the radar ground mapping mode provides excellent 
support to the other navigational aids during bombing missions. 


In normal operation the bombing mission is preplanned. An initial point 
is selected, the range determined and set into the computor along with trajectory 
information to match the armament chosen. On approaching the target, the pilot 
utilizes the optical sight to set up a collision course with target. On passing 
the initial point, he initiates the bombing eomputation. At the appropriate time, 
he is warned to initiate a pull-up and presented a roll angle to hold as а 
means of making the proper cross wind connection. At the proper pitch angle 
the bomb is automatically released and an indicator so informs the pilot. The 
pilot continues on performing ап escape maneuver. 


In the event of a target of opportunity that shows up on the scope in the 


ground mapping mode the pilot can set range into the computor corresponding to 
а range circle оп the scope. He then proceeds as above initiating the attack 


computation when the target crosses the range circle. 
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PERFORMANCE 
Е102 INTERCEPTOR FIGHTER BOMBER 


The performance of the Fl02 Interceptor is summarized on the following pages. 
The design of the Р102А has been changed several times during the course of its 
development апа production program to take advantage of component improvements. 
Recently however the 4-57 engine has been undergoing improvements to greatly in- 
crease its thrust. “These improvements came too late to permit incorpor&ting 
them into 7102 airplanes as their production was being displaced by FLO6A air- 
plane production. 


Сопуаїг has proposed the installation of the JT3C-22 (advanced 757) engine 
in F102 airplanes. This engine will be in production in early 1961 and can be 
installed on а modification basis. Аб the ваше time it has been proposed that 
F102 wing leading edges be reworked to achieve а drag reduction. Column II in 
the Summary Table below shows the performance available through these modifi- 
cations. 


2 РЬ 
251-223 
ТТЕМ ENGINE 


Max Rated Engine Thrust @ Sea Level 

Take-Off Wt 

Combat Wt 

Fuel-Internal (1285 Gal.) 

V-Max A/B Power @ 35,000 Ft 

Absolute Ceiling 

Time, to Climb А/В Power to 40,000 Ft. 
Таке>ОРҒ Over 50" Obstacle 

Land Over 50' Obstacle with Chute FT. 
Combat Radius (Area Intercept Mission) И.М. 
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F-102 
MIL-C-5011A AREA INTERCEPT MISSION 
ALTITUDE VS. DISTANCE 


+ 430 GAL EXTERNAL FUEL 
+ 130 GAL EXTERNAL FUEL бус 
2 ' 
г------- ےڈ‎ A ۵ nad ТКЕН ay Be 
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ALTITUDE - 1000 FEET 


40 


2) | 
о / 2 = ж e 7 в 
DISTANCE ~ LOO m. EES 


(1) Warm-up, take-off and accelerate to climb speed at sea level (Fuel allowance: 
2 minutes normal rated power, plus 1 minute maximum power). 


(2) Military power climb to optimum cruise altitude with external fuel tanks. 
(3) Optimum cruise with external fuel tanks (M = 0.9). 
(5) Drop external fuel tanks. 
(5) Military power climb to clean airplane optimum cruise altitude. 
(6) Optimum cruise, clean (M = 0.9). 
„(7) Maximum power climb to combat ceiling. + 
(8) Combat ++ 
(9) Descend to optimum cruise altitude (No distance credit). 
(10) Optimum cruise home (M = 0.9). 
(11) Descend to sea level (No distance credit). 
(12) Land with reserves (20 minutes loiter at sea level plus 5% of initial fuel). 
+ Combat ceiling is altitude corresponding to R/C = 500 ft/min with maximum 
power. 
++ Combat fuel based on 5 minutes maximum power acceleration at 50,000 ft 
altitude. 
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F-10c.. 
MIL-C-5011A AREA INTERCEPT MISSION 
ALTITUDE VS. DISTANCE 
INTERNAL FUEL LOAD 
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DISTANCE ~ 160 8. MYERS 


Warm-up, take-off and accelerate to climb speed at sea level (Fuel allowance: 
2 minutes normal rated power, plus 1 minute maximum power). 

Military power climb to optimum cruise altitude with external fuel tanks. 
Optimum cruise with external fuel tanks (M = 0.9). 

Drop external fuel tanks. 

Military power climb to clean airplane optimum cruise altitude. 

Optimum cruise, clean (M = 0.9). 

Maximum power climb to combat ceiling. + 

Combat ++ 

Descend to optimum cruise altitude (No distance credit). 

Optimum cruise home (M = 0.9). 

Descend to sea level (No distance credit). 

Land with reserves (20 minutes loiter at sea level plus 5% of initial fuel). 


Combat ceiling is altitude corresponding to R/C = 500 ft/min with maximum 
power. 

Combat fuel based on 5 minutes maximum power acceleration at 50,000 ft 
altitude. 
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МП. -С-БОЩА AREA INTERCEPT MISSION 
WEIGH? VS. DISTANCE 


@ -----/050 GAL INTERNAL FUEL 
22 ۱ +235 GAL رہر‎ 55748 GAY FUEL 
+430 GAL EXIFANAL ЕЕ 
-- — — — OSO GAL /NTERNAL FUEL. 


2 7 2 3 


LDISTANCE ~ 100 ۸۷ MILES 


(1) Warm-up, take-off and accelerate to climb speed at sea level (Fuel allowance: 
2 minutes normal rated power plus 1 minute maximum power). 

) Military power climb to optimum cruise altitude with external fuel tanks. 

) Optimum cruise with external fuel tanks (М = 0.9). 

) Drop external fuel tanks. | 

) Military power climb to clean airplane optimum cruise altitude. 

) Optimum cruise, clean (M = 0.9). 

! Maximum power climb to combat ceiling. + 

) 

) 

) 

) 


e 7 2 


Combat ++ 

Descend to optimum cruise altitude (No distance credit). 

Optimum cruise home (M ж 0.9). 

Descend to sea level (Мо distance credit). 

Land with reserves (20 minutes loiter at sea level plus 5% of initial fuel). 


Combat ceiling is altitude corresponding to R/C ж 500 ft/min with maximum 
power. 


++ Combat fuel based on 5 minutes maximum power acceleration at 50,000 ft 
altitude. 
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Е-102 FIGHTER-BOMBER MISSION 
LOW ALTITUDE RUN-IN 
ALTITUDE VS, DISTANCE: 
INTERNAL FUEL LOAD 
+ 1:30 GAL EXTERNAL FUEL 
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DISTANCE - 100 N. MILES 


(1) Warm-up, take-off and accelerate to climb speed at sea level (Fuel allowance: 
2 minutes normal rated power plus 1 minute maximum power). 

Military power climb to optimum cruise altitude. 

Optimum cruise with external fuel tanks (M = .90). 

Drop external fuel tanks. 

Climb to clean airplane optimum cruise altitude. 

Optimum cruise (М = .90). 

Descend to sea level, no distance credit. 

50 nautical mile military power run-in (M = .88). Drop weapon. 

50 nautical mile military power run-out (M = .88). 

Military power climb to optimum cruise altitude. 

Optimum cruise home (Ме .90). 

Descend to sea level, no distance credit. 

Land with reserves (20 minutes loiter at sea level plus 5% of initial fuel). 
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(1) Warm-up, take-off and accelerate to climb speed at sea level (Fuel allowance: 
2 minutes normal rated power plus 1 minute maximum power). 

а Military power climb to optimum cruise altitude. , 
Optimwn cruise with external fuel tanks {М = .90). 

) Drop external fuel tanks. 

3 Climb to clean airplane optimum cruise altitude. 

6) Optimum cruise (М = .90). 

) Descend to sea level, no distance credit. 

8) 50 nautical mile military power run-in (М = .88). Drop weapon. 

9) 50 nautical mile military power run-out (M = 88). 

(10) Military power climb to optimum cruise altitude. 

ë 11) Optimum cruise home (M = .90). 

12) Descend to sea level, no distance credit. 

13) Land with reserves (20 minutes loiter at sea level plus 5% of initial fuel). 
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Е-102. FIGHTER-BOMBER MISSION 
LOW ALTITUDE RUN-IN 
WEIGHT VS. DISTANCE 
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GROSS WEIGHT ونس‎ LB. 
№ 
$ 5 


(2) JOSO GAL РЕКА. FUEL 

= ——7 0) +255 GAL. MISE BAY FUEL 
+430 GAL. ENTERAL FUEL 
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(1) Warm-up, take-off and accelerate to climb speed at sea level (Fuel allowance: 
2 minutes normal rated power plus 1 minute maximum power.) 

а Military power climb to optimum cruise altitude. 

3) Optimum cruise with external fuel tanks (M = 90). 

(4) Drop external fuel tanks. 

8 Climb to clean airplane optimum cruise altitude. 
Optimum cruise (M = .90). 

1) Descend to sea level, no distance credit. 

В 50 nautical mile military power run-in (Ме .88). Drop weapon. 

9) 50 nautical mile military power run-out (M = .88). 

e Military power climb to optimum cruise altitude. 

11) Optimum cruise home (M = .90). 

PE Descend to sea level, no distance credit. 

13) Land with reserves (20 minutes loiter at веа level plus 5$ of initial fuel). 
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ALTERNATE ARMAMENT 


Typical loadings of alternate armament thgt can be carried internally are 
shown on the following drawing. 


Although not shown, the МВ-1 air-to-air rocket has been ejected from both 
the Р102 and FlOÓ airplanes. This rocket when released at the proper angle at 
high altitude has a range of well over one hundred miles. Such performance 
offers possibilities for air-to-ground action not yet evaluated. 


However, it is suggested that the warhead only in the МВ-1 rocket, or 
another of approximately the same size could be repackaged and fused to make an 
excellent weapon for air-to-ground action. It is further suggested that giving 
such а weapon а bluff shape geometrically similar to the TX 28 would give it 
equivalent stability so that it could be mounted internally in place of the 
standard 1000 pound general purpose bomb. 
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F-102 INTERCEPLOR FIGHTER-BOMBER 


WEIGHT SUMMARY 


Item 


Structure 

Landing Gear 

Propulsion 

Instruments 

Hydreulic % Pneumatic 

Electrical ме 
Electronics 

Armament Provisions 

Furnishings and Equipment 

Air Conditioning and Anti-Icing 


Bombs (1) 
Missiles (3) 
Rockets (24) 2.75" 
Other 
GROSS WEIGHT 
Externai Tanks and Fuel 


GROSS WEIGHT - LONG RANGE 


Based on ZD8-003A including current change notices. 
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Ғ106 INTERCEPTOR - FIGHTER BOMBER - DESCRIPTION 


The fact that 2102/2106 Delta Wing aircraft аге inherently more effective than 
more conventionally arranged aircraft for fighter missions has been brought out in 
Section I. ‘This inherent superiority applies not just to interceptor missions but 
to any fighter mission. The allocation of internal fuselage space, the nose 
section to the radar and fire control system and the mid-fuselage section to 
armament is the ideal arrangement for fighter bombers. Accordingly the F106 can 
be converted to an outstanding Fighter-Bomber. 


A first step in such а conversion could be relatively simple modifications to 
give the F106 an air-to-ground bombing capabiljty while simultaneously retaining an 
air-to-air capability. The modifications would envolve adding a simple optical 
bombing system and modifying the armament compartment to carry air-to-air missiles 
in the forward half while carrying air-to-ground armament (bombs) in the rear half. 


The slight reduction in air-to-air capability caused by removal of air-to-air 
armament would be restored by improvements in weapons already planned for the 
near future. 


A small (approximately 5%) increase in combat weight would accompany the 
addition of the air-to-ground capability. Thus Interceptor strength factors 
would be retained with negligible reduction. 


With the modifications mentioned the Е106 would be capable of intercepting 
and destroying enemy bombers or fighter bombers under all conditions of weather 
and visibility and making optical air-to-ground attacks on enemy installations in 
the toss or over-the-shoulder modes of bomb release. For air-to-air ettacks it 
would be preferable to operate in conjunction with ground alert and ground vector- 
ing equipment but FlOÓs are capable of free lance attacks from any kind of ground 
alert warning. 


In designing the Р106 airplane, advantage has been taken of developments in 
its components to improve almost every feature and phase of its operations over 
those of the F102. 


The Pratt & Whitney J75, а larger jet engine, affords improved performance. 
More fuel is provided to increase range. Тһе Hughes МА-1 electronic equipment 
provides improved radar range, countermeasures, navigation and better (digital) 
computations. 


Тһе Ғ106, like the Ғ102 has a 60° delta wing with trailing edge elevons and 
а highly swept vertical tail. There is no horizontal tail. The fuselage has 
в pointed nose radome, and "V" shaped windshield. The side located engine air 
inlet ducts start further back on the waisted midsection than those on the F102. 
Data 


Gross Weight 36656 Length то ft. 8.8 in. 
Wing Area 697.8 sq. ft. Span 38 ft. 1.6 in. 
Vertical Tail Area 105.0 sq. ft. Height 20 ft. 3.3 in. 
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The МА-1 radar antenna, transmitter-receiver unit and most of the fire control 
system components аге located in the nose section of the fuselage while most of the 
landing, communication and navigation components are located in an electronic 
compartment aft of the cockpit. 


The air-to-air armament (missiles) are stowed internally in the forward 
armament bay in the mld-fuselage section. The armament bays аге equipped with 
quick opening doors and displacing mechanism. 


For air-to-ground attacks it is proposed to install optical sighting (Labs) 
equipment. The sight head would displace the optical sight head used in the 
Interceptor with the Hughes equipment. Bombs would be carried in the aft 
armament bay in the lower mid-fuselage section. 


А Pratt & Whitney J75 turbojet engine powers the Е106 airplane. The engine 
has ап axial flow dual spool compressor and is equipped with ап afterburner. The 
use of this engine provides а ceiling and maximum speed for the airplane greater 
than those of the Е102. 


The #106 normally carries its fuel internally. But like the Е102 it has 
two 230 gallon droppable pylon mounted wing tanks to extend the range. The 
airplane cruises at high subsonic speeds when carrying external fuel tanks. 


Е106 features include "area rule" fuselage, with a pressurized cockpit; а 
fully powered flight control system which utilizes elevons to provide both 
aileron and elevator action from conventional cockpit controls; controlled engine 
air inlets; and a tricycle landing gear equipped with an electrically controlled 
and hydraulic powered nose wheel steering unit. 


Air-to-Air System 


The Hughes МА-1 electronic system and Falcons missiles (FAR 3 and 4) have 
been integrated into the F106 airplane with even more refinement than the 
corresponding items were integrated into the FlO2. The resulting all Weather 
combat weapon system is superior in every respect. It is automatic in operation 
and capable of attacking airborne threats from any aspect. The system can be 
given diversity in the form of an infra red mode for supplementing its radar 
operation during effective countermeasures or under radar silence conditions. 
When used for air-to-air attacks, it controls the airplane in the pre-attack, 
attack, armament launching and post attack phases of operation. 


Like the Hughes MG-10 electronic equipment in the Е102, the МА-1 system 
is 611 weather all-aspect equipment designed to search out, detect, identify 
and track hostile aircraft. It automatically launches radar and infra red 
missiles from a lead collision or lead pursuit course. 


Its radar has increased power and an added moving target indication feature 
which improves its search and track capability. Its broadcasé control and free 
lance operations are improved by an added inertial navigator. Improved compu- 
tations are afforded by the use of a digital computor as opposed to an analogue 
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computor in the MG-10. 


The principal functions provided by the weapon control system аге: 


(а) Directs the interceptor to the target area utilizing ground control 
intercept facilities (GCI). 


(b) Detection and tr&cking of targets under &ll conditions of visibility 
and weather. 


(c) Automatic flight control. 


(а) Automatic firing of weapons under cogditions leading to а high probability 
of Kill. 


(e) Complete communications, navigation, landing and identification features. 
(f) Broadcast control and free lance operational capabilities. 


Normally the FLO6 is directed to the target area by ground control. The 
target is detected by the weapon control system, selected and locked on by 
the pilot. The airplane is then flown automatically to weapon release. The 
pilot performs а pull-out maneuver and returns to base after automatic launch 
of weapons. 


The radar subsystem in conjunction with other subsystems, comprises a complete 
airborne system which can operate independently of ground control when such : 
facilities are not available or are inoperative. Warned of the approximate 
position of enemy aircraft by any means whatever, the pilot initiates search for 
the target, and upon acquisition, locks-on where-upon the interceptor is flown 
automatically to completion of the attack. 


For counter counter measures the weapons control system has anti-chaff 
tracking circuits, a pilot tunable radar frequency and angle tracking of 
continuous wave jammers. Other functions included in the system are automatic 
instrument landing approach and beacon and ground mapping radar navigational 
modes. 
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PERFORMANCE F106 INTERCEPTOR FIGHTER-BOMBER 


The performance of the F106 airplane ав ав Interceptor Fighter-Bomber is 
summarized in the following table and on following pages. 


Item 
Max Rated Engine Thrust 8 беа Level LB. 24,500 
Take-Off Weight LB. 36,656 
Combat Weight LB. 31,750 
Fuel, Internal (1530 Gal.) LB. 9,945 
V-Max А/В Power 35000 Ft MACH. 2.0% 
Absolute Celling ЕТ. 53,500 
Time to Climb, A/B Power, to 40000 Ft MIN. 3.1 
Take-Off Over 50' Obstacle FT. 4,600 
Land Over 50" Obstacle with Chute ЕТ. 1,900 
Combat Radius (Area Intercept Mission) N.M. 455 


*Structural Limit Speed 
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MIL-C-50114 AREA INTERCEPT MISSION 


INTERNAL FUEL LOAD 
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DISTANCE - NAUTICAL MILES 


(1) Warm-up, take-off and aceelerate to climb speed at sea level (Fuel allowance: 
2 minutes normal rated power plus 1 minute maximum power). 

2) Military рожег climb to optimum cruise altitude. . 
3) Optimum cruise (M = .905). 

4) Maximum power climb to combat ceiling. + 

5) Combat 4+ 

6) Descend to optimum cruise altitude (No distance credit). 

7) Optimum cruise home (M = .925). 

8) Descend to sea level (No distance credit). 

9) Lend with reserves (20 minutes loiter at sea level plus 5% of initial fuel). 


+ Combat ceiling is altitude corresponding to R/C = 500 ft/min with maximum 
power. 


++ Combat fuel based on 5 minutes maximum power acceleration at 50,000 ft 
altitude. 
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INTERNAL FUEL LOAD 


ALTITUDE - 1000 FEET 
- 
Ф--------- 


Ж 


© жо eoo 300 «00 500 
DISTANCE - NAUTICAL MILES 


(1) Warm-up, take-off and accelerate to climb speed at sea level (Fuel allowance: 
2 minutes normal rated power, plus 1 minute maximum power). 
(2) Military power climb to optimum cruise altitude, 
d Optimum ciise (М = .925). 
h) Maximum power climb to combat ceiling. + 
5) Combat ++ 
6) Desoend to optimum cruise altitude (No distance credit). 
1) Optimum cruise home (M = .925). 
4 (8) Descend to sea level (No distance credit). 
(9) Land with reserves (20 minutes loiter at sea level plus 5% of initial fuel). 


+ Combat ceiling is altitude corresponding to R/C = 500 ft/min with maximum 
power. | | 

++ Combat fuel based оп 5 minutes maximum power acceleration at 50,000 ft 
altitude. 
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(1) Warm-up, take-off and accelerate to elimb speed at sea level (Fuel allowance: 
2 minutes normal rated power plus 1 minute maximum power). 
| (2) Military power climb to optimum cruise altitude. 
ZOA. (3) Optimum cruise with external fuel tanks (М = .925) 
e (4) Drop external fuel tanks. 
(5) Optimum cruise, clean (M s .925) 7 
(6) Maximum power climb to combat ceiling. 
за (7) Combat ++ 
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(8) Descend to optimum cruise altitude (No distanoe credit). 

2 Optimum eruise home (М = .925). 

(10) Descend to sea level (No distance credit). 

(11) Land with reserves (20 minutes loiter at sea level plus 5% of initial fuel). 


+ Combat ceiling is altitude corresponding to R/C = 500 ft/min with maximum 
power. 

++ Combat fuel based on 5 minutes maximum power acceleration at 50,000 ft. 
altitude. 
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INTERNAL FUEL LOAD 
+ 440 GAL. EXTERNAL FUEL 
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DISTANCE - NAUTICAL MILES 


(1) Warm-up, take-off and accelerate to climb speed at sea level. (Fuel allowance: 
2 minutes normal rated power plus 1 minute maximum power). . 

28 Military power climb to optimum eruise altitude (average velocity = 500 knots). 

3) Optimum cruise (М = .925). 

(4) Descend to sea level, no distance credit. 

(2 50 nautical mile military power run-in (Ми .95). Drop weapon. 

6) 50 nautical mile military power run-out (M = .95). 

¢ (7) Military power climb to optimum cruise altitude. 

2 Optimum cruise home (М = 925). 

(9) Descend to sea level, no distance credit. 

(10) гайд with reserves (20 minutes loiter at sea level plus 5% of initial fuel). 
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Ғ-106. FIGHTER-BOMBER MISSION 


LOW ALTITUDE RUN-IN 
INTERNAL FUEL LOAD 


(9,985 188.) 
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DISTANCE ~ NAUTICAL MILES 


(1) Warm-up, take-off and accelerate to elimb speed at sea level. (Fuel allowance: 
2 minutes normal rated power plus 1 minute maximum power). | 
۹ Military power to climb to optimum cruise altitude (average velocity = 500 knots) 


~ 


3) Optimum cruise (M = .925). 
4) Descend to sea level, по distance credit. 

5) 50 nautical mile military power run-in (М ж .95). Drop weapon. 

6) 50 nautical mile military power run-out (Ме .95). 
« (7) Military power climb to optimum cruise altitude. 

8) Optimum cruise home (M = .925). 
Descend to sea level, no distance credit. 

Land with reserves (20 minutes loiter at sea level plus 5% of initial fuel). 
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GROSS WEIGHT ~ (000 ZP. 


LOW ALT: RUN-IN 
WEIGHT VS. DISTANCE 


Warm-up, take-off and accelerate to climb speed at sea level. (Fuel allowance: 
2 minutes normal rated power plus 1 minute maximum power). 
Military power climb to optimum cruise altitude (average velocity = 500 knots). 
Optimum eruise with external fuel tanks (M = .925). 
Drop external fuel tapks. 
Optimum cruise, clean (Ме .925). 
Descend to sea level, no distance credit. 
50 nautical mile military power run-in (М = .95). 
Drop weapon. 
50 nautical mile military power run-out (Ме .95). 
(10) Military power climb to optimum Gruise altitude. 
(11) Optimum eruise home (Ме .925) 
2 Descend to sea level, no distance credit. 
13) Land with reserves (20 minutes loiter at sea level plus 
0 6% о? initial fuel). 
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F-106 INTERCEPTOR FIGHTER-BOMBER 


WEIGHT SUMMARY 


Item 


Structure 
Landing Gear 
Propulsion 
Instruments 
Hydraulic &nd Pneumatic 
Electrical s 
Electronics 
Armament Provisions 
Furnishings and Equipment 
Air Conditioning and Anti-Icing 


WEZGHT EMPTY 
Crew 
Fuel 
Missiles 
Bombs 
Other 
GROSS WEIGHT 
External Tanks and Fuel 


GROSS WEIGHT - LONG RANGE 


Based on Status Report dated 8 Aug. 1958. 
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Lbs. 


9,028 
1,22h 
8,148 
187 
389 
606 
2,776 
179 
525 
397 


23,159 
261 
10,158 
418 
2,000 
бо 
36,656 
3,229 


39,885 
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ALL WEATHER CAPABILITY - GROWTH POTENTIAL 


Modification of the ۶102/706 aircraft need not stop with the quick provision 
of a simple air-to-ground capability as heretofore described. Through subsequent 
modifications an all weather bombing capability can be evolved. There are at 
least two methods by which this can be accomplished. 


The Air Force already has the E-30 bombing computer developed by the General 
Electric Company. Likewise the Air Force has the Sartack, Ku band tactical radar 
equipment. Both of these pieces of equipment are performing in an outstanding 
manner. General Electric and Convair have prqposed an integrated all weather 
system utilizing the principles and know-how in these two pieces of developed 
equipment. On several occasions in the past this proposal when presented was re- 
ceived favorably in that it was stated that such an integrated system was badly 
needed by the Air Force for tactical use. 


The need for а All-Weather bombing system has not diminished and it is believed 
that the shortest route to it is through the combination of the above subsystems 
as previously proposed by Convair and General Electric. The E-30 computer and 
the Sartack radar are already designed to perform essentiel functions of an 
All-Weather bombing system. Тһе development required to "marry" these subsystems 
and incorporate the other essential functions should be a minimum. 1% is not 
intended to imply that these subsystems can be used "аз is". The only way to 
evolve a satisfactory bombing system in its entirety is to correctly visualize 
and plan it, including assigning functions to subsystems of the proper kind, 
scope and accuracy. This is what General Electric and Convair propose to do to 
evolve an All-Weather Bombing System. It is proposed that the system be evolved 
as an integral part of the F102 or F106 aircraft. Convair report ZP8-051A shows 
such a system integrated into the Convair F102 aircraft. 


Building up а system composed of adapted existing components not designed 
as subsystems to a particular major system can never be as satisfactory. 


The second method by which an All-Weather system can be evolved is by 
taking an All-Weather system designed for а different but similar purpose and 
modifying the components so as to accomplish the desired end. The Hughes МА-1 
fire control system has a very flexible digital computer and most of the functions 
required for air-to-ground attacks. Convair report 7Р28-001 deseribes a modi- 
fied МА-1 system integrated into the Е106 airplane to provide a Fighter Bomber 
fire control system. 


In either of the above developments an air-to-air capability is retained but 
it becomes secondary to the air-to-ground capability. As a consequence and as 
illustrated in report ZP8-O51A consideration is given to reducing air-to-air 
armament in favor of more fuel and air-to-ground armament. Similar measures can 
be taken with respect to the F106 airplane. In either case the combat radius 
would be increased. 


The inherent physical features of Fl02/FlO6 aircraft permit them to be repeat- 
edly modified to accommodate constantly improving armament and equipment and thus 
remain superior weapons. 
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EXTERNAL STORES 


In designing Е102/Е106 aircraft the philosephy has been to produce ап sirplane 
with sufficient internal space to accommodate all the necessary equipment and 
armament. The object, of course, is to have an aircraft whose performance is not 
degraded when the armament, which on competitor's aircraft is external, is carried. 


However, even after having followed this design philosophy, it is still 
possible to make provisions for carrying a number of types of armament externally 
slung beneath the wing and comparatively speaking, the performance is still 
excellent. " 


The carriage of external armament is illustrated in the associated reports 
ZP8-051A and ZP28-001. 


TRAINING 


Convair is prepared to conduct training programs to familiarize ground crews 
and pilots with its aircraft and their modes of operation to develop their skills 
to the Levels demanded to successfully operate the airplane and its allied equip- 
ment. 


SERVICE ORGANIZATION 


To back up its training program and provide for unforeseen problems arising 
in the field, Convair maintains a world wide service organization. Convair is 
capable of providing service anywhere in the world. 
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CONVENTIONAL AIRCRAFT CONFIGURATION 


STABILIZER, ELEVATORS, AND AILERONS 
FOR CONTHOL, SLOTS AND FLAPS 


FOR HIGH LIFT PRESENT 
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INTRODUCTION 


This study has been made to determine the task involved on the F-102A 
(8-10) airplane when installing the J57 - P35 engine and changing the wing from 
the Case X camber to the Case XIV camber. 


It is assumed that current problems on the airplane, such as the speed 
brakes and duct buzz will be resolved by the time this proposed version is in 
production; hence, they are not discussed in this report. 


For the purpose of this study, the large fin now being designed for the 
F-102A is neglected since it will be either incorporated or deleted prior to 
this version. Data showing C.G. effect, however, is included. 


SUMMARY 


Installation of the Pratt & Whitney J57-P35 engine and rework of the 
wing to install the Case XIV camber instead of the present Case X camber, 
increases the performance of the airplane. 


High speed is increased from M=1.18 to M=1.35. Subsonic ceiling 
is increased from 53, 200 feet to 54,300 feet. The combat radius of 375 nauti- 
cal miles will be maintained pending further aerodynamic investigation. 


The physical changes are confined to the engine change, revised wing 
camber and extended tail cone. The extended tail cone decreases the tall 
touchdown angle from 18° to 172457. This is considered negligible. 


The "q" limitations and load factors of the 8-10 airplane will be main- 
tained. 


For weight comparison, the existing F-102A take-off gross weight has 
been corrected to include the category I horizon items and 36 2.00" rockets. 


The engine and camber change decreases this gross weight 246 lbs. with 
no ballast required. 


If the large fin is included with the engine and camber change, the gross 
weight is decreased 31 lbs. including 43 lbs. ballast. This ballast could be 
eliminated by an impractical wing shift of 0.6"; or, more reasonably, by a 
forward nose section movement of 4.5 inches. | 
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Note: This report is based upon using titanium in Ше J57-P35 engine. 
Weights shown were obtained verbally from the Pratt & Whitney representa- 
tive. In the event the engine is changed to steel with a subsequent weight 
increase of 388 Шв., it would be necessary to shift the wing 2.5 inches to 
maintain the С.С. within limits (no ballast) or add 185, Ibs. ballast in the 
nose. 
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DISCUSSION 
I. Propulsion Group 


The J-57 - P-35 engine is 388 pounds lighter and 5 inches longer than 
the J-57 - P-23 and has an aft C.G. shift of approximately 7 inches, thus, 
resulting in a slightly forward shift of the airplane C.G. The following 
changes are necessary due to differences in engine configuration: 


1. Main Fuel С onnection 


This connection has moved outboard approximately 4 inches, in- 
creased іп І. D. from 1. 781 to 2. 281 and changed from a 4 stud to a 6 stud 
connection. 


A larger connecting line must be provided to match larger flange , 
and I.D. This new line must be so routed as to clear the A.C. generator. - 
(Clearance problem caused by connection moving outboard.) This rerouting 
may affect the fuel lines back to the flow equalizer. 


2. Engine Shroud 
A new shroud will be necessary because: 


A. The contour of the fireseal has changed. 

B. The routing of the A/B fuel and actuator air lines interfere 
with the shroud baffle. 

C. The engine has increased in length approximately 5.12 inches 
in the region of the A/B. 


3. Ignition Unit Cooling 


Excitors are to be mounted opposite the oil tank. Temperature 
limits are to be similar to the J-75. If cooling is not sufficient in this 
area, additional cooling will have to be added. 


4, С. 5. D. Oil Lines 


It will be necessary to reroute the C. S. D. oil system to agree with 
relocated oil system components. Fuel pressure switch and C. S. D. discon- 
nect Jine mounting pads are gone. 
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5. Power Control - Power lever movement at power control differs 
from previous engines. There are no take-off locks. Until we are told dif- 
ferently, Pratt & Whitney recommends that we assume travels the same as on 
the P-23. 


6. Inlet Duct Strut - The strut in the inlet duct is no longer needed 
as a passage is provided through engine for drains from № gear box. The 
present strut type duct may be used without alterations if needed by instru- 
mentation. 


Ч. Fuel System - А slight decrease in fuel tank capacities due to Ше 
rearrangement of Ше wing structure can easily be made ир by adjustment of 
the automatic shutoff. 


8. Changes Required from other Groups 


A. Control Group - If power lever travel changes, they will 
possibly have to rework the quadrant. 


B. Body Group - The increased engine length will necessitate 
changes to the tailcone. 


П. Wing Group 


The wing change is confined mainly to the leading edge area. Тһе |еад- 
ing edge spar is relocated to accommodate the new cambered leading edge. 
Increase in wing bending causes a change to spars #4 and #5. The following 
wing changes must be made: 


T. New leading edges - camber similar to F-102B 
New wing tip - similar to F-102B. 
New leading edge spar. 


2 
3 
4. Four new gas-tight corners per side. 
5 Modify 5 wing skins per side - change at leading edge attachment. 
6 Change 25 ribs per side. 

7 


Change forward fuselage tie (Sta. 298.05) to accommodate re- 
vised leading edge spar and gas-tight corner. 
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8. Change outboard region of враг #2. 


9. Change outboard end of spar #3 to accommodate changed leading 
edge spar. 
10. Change outboard end of spar #4 to accommodate changed leading 
edge spar. Also increase inboard fuselage attach lug width and 
bolt size. 


11. Change spar #5 at outboard end and increase flange thickness 
throughout. Also increase inboard fuselage attach lug width and 
bolt size. 


12. Change spar #6 at outboard end and increase flange thickness 
throughout. Revise elevon hinge fittings. 


13. Change inboard and outboard fence to agree with modified camber. 
14. Revise inboard fuel tight rib at leading edge. 


15. Change drag angle installation at leading edge. 


16. Change 10 wing access doors per side. Change door installations 
also. 
17. Change outboard tralling edge access door and installation. 


18. Change top assembly drawing to reflect foregoing changes and 
initiate common releases. 


ПІ. Fuselage Group 
The fuselage changes are as follows: 
1. Increase tail cone length 5-1/8 inches due to longer engine. 
2. Relocate C. S. D. oil filter access door to agree with engine change. 


3. Redesign fuselage attachment to wing at spars #4 and #5 due to in- 
creased bending of spars due to camber. 
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ТУ. Hydraulics апа High Pressure Pneumatics 
Revision of tubing to accommodate revisions in power plant installation. 
V. Structures Group 


1. Wing root bending moment will increase from 5% to 10% due to 
wing shape changes and minor weight changes. 


2. Wing internal load distributions will change due to new airload 
distributions. 


3. на" limitations and load factors of the 8-10 airplane will be 
maintained. 


4. There will be minor shear and moment changes on fuselage due 
to new airload distributions. 


5. It is assumed that the present specifications and methods of 
compliance will be retained. 
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VL WEIGHT AND BALANCE 
HORIZONTAL 
Еі ARM MOMENT 
Basis: T. O. Gross Welght* Е (0M, 566 420.0 — 0 11, 577, 484| 


Plus Changes: 


Р-35 engine in lieu of P-23 (-318) 461 (-146, 847) 
Delete Р-23 engine -5, 058 541 -2, 736, 378 
Delete bleed governor drain 

strut -2 450 -900 
Extend fuselage 5" +8 702 +5, 616 
Extend shroud 5" 45 700 +3, 500 

**Add P -35 engine +4, 720 546 42, 577,120 

Flex hose fuel line vs. tube +42 520 +1, 040 
С.8.р. oil line rerouted +3 505 41,515 
Cooling ducts for G. L.A. 

boxes 44 460 +1, 840 

Саве XIV Wing іп Lieu of Саве X (+72) +39, 758 

Wing Increase +52 579 30,114 
Fuselage increase +20 482 9,644 


| Sub-Total - : Condition 1 1 | 7ے‎ 320 | 420. 0 11, 470, 595] 


Plus Additional Changes: 
95. 1 Sq. Ft. tail in lieu of 


68.3 Sq. Ft. +172 591 +101, 684 
Add ballast = 43 lbs. 443 217 49, 331 
Sub-Total - Condition 2 27,535 4206 11,581. 610) 


не —— = ———— r -27 С оэжэг2Мшшштй22120700 v < G па وت‎ 


Note: Without ballast, wing would move ай 0.6 inches or move nose section 
forward 4.5 inches from Sta. 122. 


Notes: 1. * Take-off gross weight of existing F-102A (Ship #5) plus 36 2.00" 
rockets and category I horizon items. | 
2. Conditions based upon maintaining Ше most aft C. G. limit of 30. 5% 


**3. Р-35 engine weight based оп verbal information from P&W rep. and 
based on а titanium engine. А steel engine would be approx. 388% more апа... 
would require 1864 of адал, ballast, (388418) Ec * gross weight) without 


this additional siiis L ballast, the wing would 
have to move 7% : L aft an additional 2.5". 
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APPENDIX "A" 


INTRODUCTION: 


` This study explores the question of what to do if the advanced airplane 
has been scheduled into production and the J57-P35 engine is unexpectedly 
delayed. 


SUMMARY: 


The existing J57-P23 engine could be installed in the advanced airplane 
with extremely minor changes. 


СА performance gain is still realized over the present *-102A airplane 
due to the Саве ХІУ camber change. 


No ballast would be required due to the engine and camber changes; 
however, if the large fin has been incorporated, 44 роипдв of additional 
ballast will be required at Station 217. 


When the advanced engine becomes available, И could be installed with 
equally minor Changes. 


DISCUSSION: 


These changes would be necessary to install the existing J57 -P23 engine 
in the advanced version of the airplane. 


1. Use the existing J57-P23 fuel line in place of the ) 9 3-ft. of 
line that will have been revised for the advanced engine. 


а, И ignition cooling ig necessary for the advanced engine, the source of 
the cooling air must be capped. 


3. If differences in the power lever movement are incorporated іп the ad- 
vanced engine, they must be accounted for at the power level quadrant. 


4, Use existing tail cone. 


5. Differences in engine shroud, C.S. D. oil lines and inlet duct strut will 
be ны عوسی‎ by change of engine. 
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WEIGHT & BALANCE COMPARISON: 


Advanced Е-102А 


J | _ 957 - P23 | Difference 
*Cond. 1. Т.О. Gross Wt. 
No ballast required 


*Cond. 2. T.O. Gross Wt. 


87 Lb. ballast required at Station 217 (was 43 lb.) or move the nose 
forward 9 inches. | 


*See Page 6 of Report ZP -8-027 


PERFORMANCE COMPARISON: 


J57 -P38 | 257 - P23 


54,300 Ft. 53,500 Ft. 800 Ж 


High Speed 
Subsonic Cellin 
nautical mile combat radius will be maintained. 
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SUMMARY 


This report presents a preliminary evaluation of the effects of instal- 
ling two (2) Ding Dong air-to-air missiles in place of external fuel 
tanks on the wing of the F-102A airplane. The Ding Dongs are alter- 
nate to the basic internal Falcon and rocket armament. 


The study is based on two weight configurations. The first is an 
absolute minimum change in which only armament is removed. The 
second involves removing basic internal armament, displacing gear 
and easily detachable related items. Both arrangements result 

in take-off weights greater than the basic F-102A and both require 
removable fuselage ballast to maintain C.G. limits. 


The external Ding-Dong armament as studied in this report appears to 
be feasible provided that the following basic problems are resolved: 


1. Effects of under -wing mounting position on missile dispersion 
as related to firing accuracy. 


2. Effects of removable ballast on the fuselage structure and of 
the pylon mounted Ding D ongs on the wing local structure. 


3. Effects of missile rocket jet pressures and temperatures on the 
wing structure and on handling characteristics of the airplane. 


4. Extensive investigation of the dynamic characteristics of the 
airplane as affected by the mass distributions associated with 
the external Ding Dong arrangement. 


It would appear that the design changes resulting from the above problems could 
be incorporated in production F-102A airplanes without need for a prototype 
airplane, provided sufficient data is obtained from presently scheduled tests to 
determine the effects of Item 3 above. 
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WEAPON SYSTEM EFFECTIVENESS 


Insofar as the bomber intercept mission is concerned, it would appear that the 
performance degradation, including a slight reduction of the interception ceiling, 
caused by external Ding D ongs is of minor consequence.  Neglecting possible 
gross increases in missile dispersion due to launching from the under -wing 
position, the effectiveness of the external Ding Dongs would be comparable to 
that of the internally stored system. "Gross increase" is taken here to mean 
more than twice the launch errors now assumed attainable. 


The predicted performance differences on which the above statement is based 
are as follows: 


(1) F-102A (2) F-102A & Ding Dong 


High Speed, Mach No. 1.18 1.10 
Radtus, М. Mi. 375 310 
Time to Climb, Min. 
40, 000 Feet 4.3 4.9 
50,000 Feet 7.1 8.9 
Combat Ceiling, Feet 52, 500 50, 800 
(1) Based оп а take-off weight of 27,500 Lbs. 


(2) Based on a take-off weight of 28,940 Lbs. 
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m. - PREDICTED PERFORMANCE 


k. en [LIORA WITH INTERNAL ARMAMENT, 27500 18, то WT 
о а У 22 А W/TH(2)EXT. DING DONGS , 28605 LB, TO WT. 
26; 5 A WITH (2) EXT. BING DONGS 28440 LB, ТО WT. 


М/А. + А/В POWER J-57P-23 ENGINE 


60 


40 


ACT, 
[ОСО FT 


ме TO CLIME 
ҒРОМ STANOSTILL 


40 
ALT 
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0 / 20 30 {О - 50 
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WEIGHT BASIS 


The two weight conditions considered for the external Ding Dong installation 
are shown in the following tabulation. In both cases, the (24) 2. 75" rockets 
have been left in as part of the ballast required. Dummy rockets, or cylin- 
drical ballast weights of equivalent size and weight may be used in place of 
the rockets. 


Condition I 


Includes complete Falcon provisions. 


F-102A Gross Weight per IBM Lb. 
Status Report #23, 5/1/55 27,605 
Less: 
Missiles (6) Falcons -762 
Launchers -223 - 985 
Plus: 
Provisions for Ding Dongs 
Rails 
Pylons 84 
Attaching Parts 6 
Electrical Provisions 16 
Frangible Fairing 12 
Escape Maneuver Equipt. 39 
Ding Dongs (2) 1630 
*Ballast at Sta. 200 477 + 2,320 


T. O. Weight 28,940 


* Additional ballast at Sta. 265 in the form of rockets or equivalent | 
weight in the missile bay doors is implied by not removing, 432, 
Lbs. for rockets. 


Total Ballast = 477 + 432 = 909 Lbs. 
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WEIGHT BASIS 


Condition II. 


Removes all Falcon provisions which are easily detachable. 


F-102A Gross Weight per Status Lb. 
Report No. 23 27, 605 
Less: 
Missiles (6) Falcons -762 
Missile Launchers -223 
Missile Intervalometer - 4 


Displacement Gear, Куд. -111 
Displacement Gear, Aft. -110 


Displacing Cylinders - 49 
Snubber Cylinders - 23 
Uplatch and Release - 3 
Uplatch Stops - 31 
Air ВоШе - 19 
MG-3 Equip. for Falcons -350 
-1, 691 
Plus: 
Provisions Їог Ding Dong 213 
Ding Dongs (2) 1,630 
+ Ballast at Sta. 200 848 
+2, 691 
T. O. Weight 28, 605 


*Additional ballast at Sta. 265 in the form of rockets or equivalent weight in 
the missile bay doors is implied by not removing 432 lbs. for rockets. 
Total Ballast = 848 + 432 = 1, 280 Lbs. 
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Wing 
Tail Figures are shown 
Fuselage In these two columns 


Landing Gear 
Surface Controls 


only when they differ 
from the basic F-102A 


Nacelle 

Propulsion 

Instruments 

Hydraulics & Pneumatic 0 

Electrical 3 

Electronics 5 

Armament 4 

Furnishings 8 

Air Conditioning & Anti-Icing 3 

Auxiliary Gear .4 | 

ВаПаз (At Sta. 200) -0 (1) 477.0 (2) 848. 

| 7. —  — WEIGHT EMPTY 18, 935. 0 : 9, 206. 0 

Pilot 230.0 

Unusable Fuel 130. 0 

Unusable ОП 25.0 

ОП - Engine 25.0 

Fuel - (Wing) 6, 825.0 

Armament 1,417.0 2,146.0 
Rockets (24) 432.0 (2) 
Falcons (6) 762.0 
Ding Dongs (2) 0.0 1,630. 0 
Launchers 223.0 
Pylons 0.0 — 84.0 

Equipment = mE 18. 

|^. . "USEFUL LOAD | 8,670.0 3, 399. Ü 

T.O. WEIGHT 27, 605. 0 28, 940. 0 28, 605. 0 


i m mw 


Note: (1) 6 (2) Total chargeable to ballast: 
(1) 477 + 432 = 909 Lbs. 
(2) 848 + 432 = 1,280 Lbs. 


=ч 


(3) ІВМ Wt. status #23, 5/1/55 
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DISCUSSION 


The chart on the preceding page points out the areas of investigation covered 
in this study. The work done in connection with the various phases is dis- 
cussed as follows: 


1. Airplane Performance 


с 
The comparative tabulated data and performance curves of Page 5 
describe the airplane performance. The differences in predicted performance 
between the basic F-102A and the F-102A with externally mounted Ding D ongs, 
is due to the increase in gross weight and the incremental drag of the missiles. 
The magnitude of the drag increment due to the missiles is estimated as 
follows: 


== x 


Mach No. Ср 
„6 ‚0010 
„В . 0011 
1.0 0021 
1.2 . 0025 


2. Handling Characteristics 
The handling characteristics of the airplane are affected by: 


2.1 Asymmetric aerodynamic configuration with one (1) missile 
in place. 


2.2  Yawing effect due to momentary restraint of missile in launch- 
ing rack after firing. 


2.3 Transient wake pressure and temperature effects due to the 
jet blast of missile in proximity to the wing. 


2.4 Change in mass distribution with external missiles and fuselage 
ballast," ` = ак ганне 
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The effect of item 2. 2 is considered negligible іп view of Ше 
comparatively low value of restraint (2500 lbs. ) and the time 
interval involved ( . 08 sec). The effects of item 2.3 are 
unknown. Trim conditions associated with item 2.1 above are 
tabulated as follows: 


CONTROL SURFACE DISPLACEMENTS FOR 
TRIM WITH ONE (1) MISSILE ONLY 


ELEVATOR RUDDER AILERON 
150 Knots 0 + 1.0° + 1.6° 
M = 0.9 0 + 0.3 ° * 0.5 ° 
M = 1.1 0 + 0.5 ° + 0.4 ° 


A preliminary check on the possibility of roll-coupling due to the ге- 
distribution of щавв (ttem 2.4) reveals no unfavorable effects for the 
following conditions: 


М = . 9 at 35, 000 feet 
Starting from 1 g level flight: 

0 to 90° bank 

0 to 180° bank 


Bank-to-bank maneuvers starting 
From steady state turns corresponding to the following load factors: 


1.4gtol.4g 
2.0 g to 2.0 g 
3. 


Ogto3.0¢g ын 


3. Structural Strength 
The strength of Ше airplane is affected by: 


3.1 Increase in gross weight and the redistribution of wing and body loads 
due to the presence of both or one (1) missile. 


3.2 Pitch, уат го] accelerations due to the changes in drag and weight 
due to separating one (1) missile from the airplane. 
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3.3 Pitch and yaw accelerations associated with the Ding Dong |... 
firing due to the momentary restraint (thrust build-up), of the 
missile in the launching rack. 


3.4 Transient wake pressures and temperatures due to the jet blast 
of the missile in proximity to the wing. 


Considering items 3.1, 3. 2 and 3. 3 above, the following investigations were made: 


(а) Landing Loads’ estimates were, made of the transient loads 
for a symmetric two (2) wheel condition and for an unsym- 
metric one (1) wheel condition. From these loads, it appears 
that the basic Е-102А 1084 factors will not be exceeded. 


(b) Flight Loads: Flight load investigations were made for the 
effects of firing both or one (1) missile. The launching rack 
restraint load of 3. 3 above was also considered. 


The assumption was made that the missiles would not be fired 
at limit vertical load factors greater than the presently used 
агша тел! limitations for the basic F-102A (+ 3. Ог to - 1.0 g). 
For symmetric maneuvers with Ding Dongs attached, it appears 
that total limit load factors of 4 5.5 g to - 3. 0 g would apply, 
provided that local wing structure is revised for this condition. 


Investigat ions of the effects of ballast оп fuselage local structure for flight and 
landing conditions have поі been made at this writing. 


The roll coupling investigation noted above under "Handling Characteristics" also 
revealed no appreciable load factor build up. 


In addition to the static conditions noted above, the airplane response due to 
missile firing was investigated. Тһе basic conditions were those of item 3. 2 and ہے‎ 
item 3. 3 above. The resulting accelerations about all three axes, are appreciably 
below those used for the structural design of the Е -102A airplane. 


4. Flutter 


Although flutter calculations for the basic F -102A have not yet been completed. 
at higher speeds for symmetric modes and over the entire speed range for 
anti-symmetric modes, it appears reasonable to assume that the externally 
mounted Ding Dong configuration would be free trom flutter up to at least 
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М = 1.2. Supporting this assumption are the са сщаНопв which have 
been made up to M = . 95 at sea level and М = . 97 at 35, 000 feet. 


Missile Installation 


The missile pylon structure attaches to the wing fittings provided for the 
jettisonable tank pylon. 


A finite length launch гай approximately three feet long is indicated to 
alleviate missile "jump" difficulties caused by the up-wash ahead of the 
wing. 


Frangible fairing is added to the tail of the missile to improve the drag 
characteristics of the installation. 


Electronics 


Some revision to the electronic fire control system may be required to 
compensate for missile "jump". This may be accomplished by program- 
ming the jump angle as a function of flight condition. 


Fuselage Ballast 


As noted in the weight statement, fuselage ballast is arranged to take ad- 
vantage of the rocket tubes in the missile bay doors for stowing part of 
the ballast required. The remainder of the ballast is assumed to be 
positioned at fuselage station 200. 


Problem Areas 


8.1 One of the most direct effects of the external Ding -Dong installation 
on the effectiveness of the weapon 8ystem may be that caused by 
missile dispersion due to the aerodynamic effects of the under -wing 
launching position. As mentioned under item 6 above, some revision 
to the fire control system may be required. 


8.2 Detailed structural investigations of the effects of the ballast on the 
fuselage and of the Ding D ong installation on the wing pylon attach- 
ments should be conducted. 


8.3 The effects the missile rocket jet pressures and temperatures on the 
wing Structure and on the handling characteristics of the airplane 
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should be determined. A Convair test program to survey the jet 
wake effects of the Ding-Dong on the fuselage and missile bay 
doors of the F-102A is scheduled for August 1955. The results 
of these tests will aid in the evaluation of the problem. 


A reduction of up to 180 lbs. in ballast may be made by positioning the 
external missiles farther forward than shown in this study. ے‎ 
However, this appears to create an additional local attachment 
problem with respect to the wing pylon fittings. Additional structural 
investigation will be required to determine the practicability of this 
arrangement. 


The effects of the external missile arrangement on the dynamic 
characteristics of the airplane should be investigated to a degree 
greater than noted in this report. In particular, the studies based 
on less than M = 1.10 should be extended to this value. 
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INTRODUCTION . ^; | 


This is a preliminary study of a tandem version of the F-102B airplane. 
Complete tactical capability is maintained since the performance approximates 


that of the basic airplane. a 


The external configuration is retained with no increase in fuselage 


length. Change in contour is confined to the canopy and dorsal area. 


The existing armament arrangement of one MB-1 weapon and four Fal- 
cons will be maintained. Тһе alternate armament capability has been reduced 
from six to five missiles by providing space for electronic equipment between 


the two forward missiles. 


The existing landing gear, wheels, brakes and tires will be retained. 
The addition of a second cockpit could, in the case of a tactical version, provide 
space for the possible future addition of a radar operator as a backup to the 


proposed fire control system. 
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SUMMARY 


The addition of the second cockpit dictates a redesign and relocation of some 
equipment and systems. 


The fuselage fuel tank is moved aft and reduced in capacity from 227 to 
100 gallons. The difference of 127 gallons is put into the wing "Т" tanks to 
maintain a combat radius more nearly approaching that of the basic F-102B 
airplane. 


The subsonic center of gravity limits are maintained by the addition of 
fuel in the "Т" tanks and by revision of the fuel sequencing system. 


The average supersonic center of gravity 18 approximately 3% further 
forward than the F-102B airplane since there is less fuel to transfer ай. 


The electronic rack containing the missile auxiliaries and landing, 
communication and navigation equipment will be eliminated. These units will 
be located in a compartment added between the two forward missiles. 


With the tandem seating arrangement, the frontal area of the airplane 
will be unchanged except for a slightly higher canopy. The increased cross- 
sectional area through the canopy has a negligible effect on high speed when 
applied to the area rule theory. 


The load factors will be slightly reduced over the comparable load factors 
of the F-102B interceptor due to the increased weight and further forward C.G. 
of the tandem version. 


The exact values of allowable load factors will be determined at a later 
date. 
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PERFORMANCE SUMMARY 
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High Speed at 35, 000 Ft. Alt. 
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Highest speed upon reaching | 
60, 000 ft. altitude after zoom | 
from lower altitude 
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Absolute ceiling (take-off | 
weight minus 56% fuel) | Ft. 
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Combat ceiling (R/C=500 Ft. /Min. 
at point intercept mission combat 
weight) Ft. 


ж * Combat radius (Mil-C-5011A 
area intercept mission) 
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ж Based upon Ше spec. airplane with an armament load of two MB-1 weapons. 


** Based upon the weight shown on Раде далд the С.С. curves shown on Рагев,. | 


10and 11, 


***( Combat radius shall conform to the MIL-C-5011A Area Intercept Flight Plan with 
he following qualification: In the event that the combat ceiling at supersonic speeds ех- 
ceeds the combat ceiling at subsonic speeds, item 4 of MIL-C-5011A Area Intercept 


light plan, "Climb on course with maximum power to Combat Ceiling" shall be inter - 
reted as referring to the combat celling at subsonic Бараан: ) Combat radius shown | 


| has been computed accordingly. | 
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The following is а brief description of the physical changes required 
to the F-102B airplane to produce a tandem trainer while maintaining as much 
of the existing design as possible. 


А. General (See Drawing Мо. SD-56-08011) 


1. 


Add second cockpit immediately behind the present cockpit. Pro- 
vide 5° down vision from the rear seat over the front head rest in 
neutral seat positionsusing the proposed Convair "supersonic seat". 
(If interim airplanes are equipped with existing type seats, approxi- 
mately 2° down vision from the rear seat will be available. ) 


Move fuselage fuel tank aft and reduce capacity. 
Move refrigeration unit aft and revise ducting. 


Move electronic equipment into compartment between two forward 
missiles. 


Provide individual launchers for two forward missiles (existing 
aft launchers may be used). 


Tie-in control system to second cockpit. 


Design MA -1 training equipment with duplicate displays for rear 
cockpit. 


B. Fuselage 


2. 
3. 


FORM ۱8۱2-۴۰, 


1. 


Add new pressure bulkhead and seat rails for second cockpit. 
Add pressure floor for second cockpit. 
Delete side electronics access door in area of second cockpit. 


Delete fuselage fuel tank in area of second cockpit. 


Delete existing canopy, canopy island and dorsal forward of Sta. 472. 


Relocate and degigu наадаг 7оадсалалв from windshield parting 
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frame to Sta. 316. Provide mint ejection clearance of 28 
inches between longerons in cockpit areas. 


Relocate and design new fuselage fuel tank from new pressure 
bulkhead to Sta. 273.0 and between top of missile bay and upper 
longeron. 


Provide for new electronic compartments: 
а, Іп пет dorsal between Sta. 273 алда Sta. 306 
р. Іп center forward missile рау. 


Design new canopy to cover both cockpits. (Retain existing wind- 
shield to parting frame) and investigate to determine optimum 
means of ejection. 


Design new canopy hinges and canopy island at Sta. 270 approxi- 
mately. 


Provide for new canopy latching mechanism. 


Provide for new canopy operating and removal mechanism at exist- 
ing pressure bulkhead location. 


Redesign structure in the area of the added pilot, fuel tank and 
relocated electronic equipment. 


Revise missile bay door as required by addition of electronic com- 
part ment in forward missile bay. 


С. Electronics 


1. 


FORM па АН 


Relocate electronic missile auxiliaries and landing, communi- 
cation and navigation equipment to new compartments: 


а. Іп dorsal above refrigeration unit. 
b. In center forward missile bay. 


Design new racks, shock mounting and cabling for the above 
equipment. 


ovate 6 April 6 
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3. Install duplicate displays of MA -1 fire control system іп new 


cockpit. 

Furnishings (See Dwg. 50-56-08013) 

1. Install ejection scat in new cockpit. (Use proposed Convair 
"supersonic seat" modified to provide 5° down vision from 
rear cockpit. ) 


2. Install instrument panel, consoles and other equipment re- 
quired in new cockpit. 


Controls 


1. Provide side stick, rudder pedals and throttle for new cockpit 
and їе -іп to existing control system. 


2. Revise existing control system as required by relocation of 
other equipment. 


Air Conditioning 


1 Move refrigeration unit aft approximately 7 inches and re- 
design ducting as required by this change. 


2. Reroute ducting as required by addition of second cockpit and 
relocation of fuselage fuel tank. 


Fuel System 
1. Revise fuel lines to accommodate relocation of fuel tank. 


2. Revise fuel system within fuselage fuel tank due to revised 
shape and size of tank. 


3. Revise fuel system sequencing to maintain the airplane's 
center of gravity within limits. 


Mechanism 


1. Provide пета wmechanism. 
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2. Provide new canopy operating and removal mechanism 
at existing pressure bulkhead location. . | 


3. Revise forward missile bay door mechanism due to Ше 


addition of the electronic compartment between the two | | 
forward missiles. | 


See following pages for weight and balance information. | 
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HN i - |‏ | 
SOMPARATIVS GROUP WEIGHT STATEMENTS‏ 
Р-1028 AND TANDEM Ғ-102В‏ 
жә Tandem F-102B‏ 

ФР-1028 (2) Pilots 
Wing Group 3209 5209 
Tail Group 638 638 
Body Group 4679 5269 
Alighting Gear Group 1226 1239 
Surface Controls Group 435 469 
Engine Section 37 37 

Propulsion Group ( 8198 ) ( 8219 ) 
Engine Installation 6126 6125 
Air Induction System 891 892 
Exhaust System 262 262 
Cooling System 46 46 
lubricating System 51 51 
Fuol System 725 729 
Engine Controls 28 45 
Starting System то 71 

Fixed Equipment Group ( 4922 ) ( 5570 ) 
Inatruments and Navigational Equipment Group 127 166 
Hydraulic & Pneumatic Group 375 377 
Hlestrical Group 537 556 
Electronics Group 2570 2882 
Armament Group 681 741 
Furnishings & Equipment Group 271 468 
Air Conditioning & Anti-Icing Group 308 535 
Ruziliary бөөг Group 58 55 
WEIGHT EMPTY 954 24650 

Useful Load ( 9980 ) ( 10250 ) 
Pilot, Survival Kit, and Parachute 4, 270 540 
Fuel-Unusable  (JP-4) 36 Galso 234 234 
Fucl-Usable (JP-4) 1240 Gals. 8060 8060 
Oil-Trapped & Engine 60 60 
МВ-1 Туре Коско+ (1) 816 815 
Ejector Cartridge 5 1 1 
Falcon Missile GAR l-A &/or 1-С (4) 540 640 
NORMAL ТАКБОРЕ GROSS WEIGHT 55554 54900 


жз Tho normal Takeoff Gross Weight of the Tandem Р-1 


Ф Based on Convair Status Report dated 4 April 1956, 
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INTRODUCTION 


Included herein is preliminary data describing the proposed 
F-106C Interceptor. This airplane was formerly designated Ше 
Improved Е -106, Configuration #5. (Ref. Convair Report 7Р-57- 
08000, Addendums I and П) 


This report includes only that information pertinent to the 
Е -106С thereby eliminating any confusion that may exist due to the 
many versions of the Improved Е -106 that have been previously 
proposed, 

The F-106C interceptor has a performance capability of 
Mach 2.50 at 60, 000 feet altitude. The use of zoom or snap up 
techniques will provide an effective attack capability against a 


target up to 80, 000 feet altitude. The fire control system and 
armament are compatible with this mode of operation. 
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П, SUMMARY 


The F-106C Interceptor is recommended as the logical - 
follow-on to the Е-106А, ЕБ scheduled for first flight in late 
1959 and production build-up in 1960. (Schedules will be submitted 
at a later date. ) 


The F-106C incorporates improvements in performance, 
fire control system (including a 40" 4158), and armament, which 
provides the maximum improvement in weapon system effective- ' 
ness in its time period. 


The requirement for a one or two-place version has not 
been finalized. The radar operator and equipment can easily be 
incorporated into the airplane. Either version will have the same 
internal fuel capacity. Performance differences will be as follows: 


Performance Comparison (Internal Fuel Only) 
Е-106С 


Е-106А Опв-расе Two-place 


Take-off gross weight Lb. 33, 347 39, 450 40, 950 
Internal fuel Lb. 8, 060 11, 000 11, 000 
Absolute ceiling Ft. 56, 000 60, 000 59, 200 
Time to accelerate Mins. 3.2 2.9 9.1 
(М 2,05 to 1. 9) 

High speed Mach 3. 00 2.50 2. 50 
Take-off speed Knots 157 172 175 
Take-off distance жк Ft. 3, 900 4,150 5, 000 
Combat radius * N. Mi, 375 515 485 


NOTE: Two 230 gallon external tanks will increase the one-place 
F-106C combat radius to 710 nautical miles. 


MIL-C-5011A Area Intercept Mission (Modified) See page 5 


Over 50ft, obstacle 
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Ш, DESCRIPTION 


AS General 


The Е-106С includes the following features which provide 
for improved weapon system effectiveness: 


Р & W JT4B-22 engine (Advanced J-75) 

Internal compression inlets 

Variable ejector 

Hughes 40" radar dish and modified MA-1 system 
Infrared augmentation to fire control system 

(1) MB-1 rocket + (4) GAR-3/4 Falcons 

Increased internal fuel capacity (from 8060# to 110009) 


The F-106C will be an aluminum airplane designed for full 
load factors of (7g) up to the restricted speed (М=1, 75) and re- 
duced load factors of (5. 33g) to the limit speed (M2. 50). This 
is consistent with the present F-106A criteria. 


Retention of the aluminum construction, eliminates the 
necessity of costly retoóling for steel or titanium construction. 
The aluminum structure provides a total accumulative airframe Ше 
of 35 hours at У max. Based оп a 5 minute combat time this provides 
for 420 sorties at Mach 2. 50, 


The F-108C airplane is aerodynamically similar to Ше 
F-106A except for the internal compression inlets and variable 
ejector, Thus a minimum flight test program is assured. 


The existing F-106A wing planform with case XXIX camber 


is retained. Strength is increased to provide for increased gross 
weight and temperature effects at higher speeds. 


FORM ۱8۱3-۰۰۱ Bu: سط‎ дате 7 Кы |) 


ANALYSIS C O N y А | R PAGE a 


PREPARED BY А Division ОР GENERAL DYNAMICS CORPORATION REPORT NO. ZP -8-510 
СНЕСКЕО ВУ жена) MODEL F-106 
REVISED BY | " : i 
| 1 15105377. БОЛ қаш: ла. DATE 16 Aupust 1957 
cree سب‎ — 


The drag estimate used in determining the F-106C per- 
formance was based on the following: 


1 Е -102A and F-106A flight test data. 
2o Е-106А wind tunnel tests of case XXIX camber. 


3, F-106A/Advanced Ғ-106 wind tunnel tests with in- 
ternal compression inlets. 


Thrust is provided by an advanced 475 (JT4B-22) Engine 
with internal compression inlets and a variable area divergent 
ejector. The inlet characteristics, pressure recovery and mass 
flow ratios were estimated from wind tunnel tests. The perform- 
ance of the JT4B-22 engine was determined using Pratt and Whitney 
specification MR 401. Estimates of performance of a divergent 
ajector were made from tests made at NACA. 


Design has been initiated and flight testing planned for | 
development of a variable ejector for the F-106A. | 


Present planning calls for full scale wind tunnel tests at | 
NACA, Cleveland, to develop the control system for the internal 
compression inlets. 


The three view on the following page shows the external 
configuration of the Е -106С airplane. 
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В. Internal Arrangement 


The internal arrangement of the Е-106С differs from the 
F-106A as follows: 


1. 


The nose section 18 revised to provide for Ше 40" 
dish and larger radome. 


Cockpit is moved forward to maintain visibility over 
the nose. 


Electronic components are relocated into compart- | 
ments created by the cockpit movement. 


The fuselage mid-section is similar to the F-106A 
except for incorporation of the internal compression 
inlets. 


The aft section of the fuselage is revised to provide 
for the larger JT4B-22 engine and variable ejector. 


Increased gross weight ` requires additional speed 
brake area. Two speed brakes will be added to the 
lower fuselage section in addition to the existing brakes 
at the base of the fin. 


The drogue chute will be increased from 14 feet to 20 
feet diameter to maintain existing F-106A ground roll 
оп icy runways. 


Dual wheels will be incorporated to maintain existing 
UCI ratings. 


The inboard profile drawing on the following page shows the 
internal arrangement of the F-106C, including the one or two-place 
arrangements. 
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С. Fire Control System 


A Hughes 40" radar dish and modified МА-1 system 
are proposed, 


р, Armament 


The МВ-1 Rocket plus (4) GAR -3/4 Falcons is considered 
as basic armament. In addition one (1) whing ding weapon can be 
substituted for the МВ-1 when and if it becomes available. 


The drawing on the following page shows a few of the typical 
armament arrangements possible in the F-106C. The GAR-Z 
weapons shown represent a typical guided atomic weapon. Other 
weapons can be carried in the same space, such as Sparrow -X 
ог Diamondback. These type weapons could be phased into the 
Е -106С later in the program. 
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Е. Weight Comparison 


Wing Group 
Tall Group 
Body Group 
Landing Gear 
Surface Controls 
МасеПе Group 
Ргоршвіоп 
Engine Installation 
Аш Induction 
Exhaust 8ystem 
Cooling System 
Lubricating System 
Fuel System 
Engine Controls 
Starting System 
Instruments & Equipment 
Hydraulics & Pneumatics 
Electrical Group 
Electronics Group 
Armament Group 
Furnishings & Equipmant 
Air Conditioning 
Auxiliary Gear 


Weight Empty (Lbs.) 


Useful Load 
Crew 


ОП (Trapped & Engine} 


Fuel (Unusable) 
Fuel (Usable) 
Armament 


One МВ-1 & Cartridge 


4 GAR -3/4 
Gross Weight (Lbs. ) 


F-106A F-106C 
One place One place 
3, 338 4,222 

684 784 
4,625 5,275 
1,186 1,454 

467 467 

88 38 
(8,065) (8,860) 
5, 802 6, 096 
1,071 1,471 
276 287 

55 55 

98 103 

718 758 
26 26 

64 64 

141 141 

977 457 

576 599 
2,492 2,557 

681 730 

409 439 

356 431 

58 58 
23, 394 26, 512 
(9,953) (12,938) 
280 280 
60 60 

174 219 

8, 060 11,000 
(1,379) (1, 379} 
829 829 
550 550 
33, 347 39,450 


- سے 

а ` 
Пе 
— 3 


F-106C 
two place 


27, 732 


(13, 218) 
560 


40, 950 
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IV. PERFORMANCE 
А, Performance Comparison (Internal Fuel Only) 
Е-106С 
F-106A One-place Two-place 

Take-off gross weight Lb. 33,347 39,450 40,950 

Internal Fuel Lb. 8, 060 11, 000 11, 000 

Absolute ceiling Ft. 56, 000 60, 000 59, 200 

Time to accelerate Mins. 3. 2 2, 9 3. 1 

(M = „95 to 1.9) 

High speed Mach 2. 00 2,50 2. 50 

Take-off speed Knots 157 172 175 ` 

Take-off distance ## Ft. 3, 900 4, 750 5, 000 

Combat radius 5 N. Mi. 375 515 485 

NOTE: Two 230 gallon external tanks will increase the one- 


place F-106C combat radius to 710 nautical miles, 


* MIL-C-5011A Area Intercept Mission (Modified) 

1, Take-off allowance: 
1 min, max. power at sea level, У = 0 
2 тіп, N. R.P. at sea level, V = 0 

2, Military power climb to cruise altitude. 

КА Cruise Out. 

4, Мах. power climb to subsonic combat, ceiling. 

5; Combat allowance: | 
Fuel required to accelerate with maximum power 
for Б mins. at 50,000 ft., starting from subsonic 
шах. power climb speed. 

6. Cruise home. 


", Landing reserves: 5% Initial fuel plus 20 min, loiter 


at S. Lo 
«шк 
LIN 


** Over 50 ft. obstacle ۴ PME 
] ACCIEITIS  ۔.‎ ._ 
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В. Speed ув, Altitude 


On the following page із а вреед/а иде comparison of 
the F-106A and Ғ-106С airplanes. 


A noticeable improvement in speed and ашиде capability 
is apparent for the Е-106С, 


High-Altitude Combat Effectiveriess 


Analog simulation studies * have indicated that the Е -102 
armed with falcon missiles can achieve target kills at 60, 000 feet 
utilizing a snap-up attack from 40, 000 ft. 


Preliminary studies on the F -106A indicate that effective kills 
can be achieved against targets at 75, 000 feet by initiating a snap-up 
attack from 40, 000 to 45, 000 ft. 


Based on these results it 1s expected that the F -106C will 


have a highly effective snap-up attack capability against targets up 
to 80, 000 ft. 


* Convair Report OR -8 -62/DC -8-434 
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C. Combat Radius Comparison 


On the next page is a comparison of combat Mach number 
vs. radius for the Ғ-106А and Е -106С. 


Mission Description: 

1. Warm up, take-off and accelerate to best climb speed. 
2 тіп. N. R. P. 
1 min. АВ power. 

2. Mil. power climb to cruise altitude. 

3. Cruise at best speed and altitude. 


4. Accelerate at 35, 000 feet to combat Mach number. 


5. Climb to 1. 2g ceiling, —....._. 


Loe -1 


6. Combat at 1.26 се пе. 
7. Cruise back at best speed and altitude. 


8. Land with SAGE reserves: 
10 min. loiter at 8. L. and 
15 min. loiter at 35, 000 feet. 


NOTE: The two minute combat shown on the curve for the 
Е-106С 18 based on utilizing the cut-off collision 
course tactic instead of an offset turn as discussed 
in F-106A SAGE integration conference. The 40" 
dish and Improved MA-1 system permits this tactic. 
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INTRODUCTION 


Convair bas been requested to enter а joint effort with Bell Aircraft 
to produce the ХЕ-109 airplane. This airplane, а VTOL tactical fighter, 
is described in Bell Brochure, Report Ко. 2000-953001, dated 17 Febru- 
ary 1959. 


In order to evaluate the engineering effort and determine its status, a 
Convair engineering team wag sent to Bell Aircraft Corporation to gather 
date. Subsequently а Bell engineering team visited Convair-San Diego. 
Members of the Convair evaluating team that visisted Bell included the 


following: 
J. E. Bowen Assistant Electronic Engineer 
D. I. Hixson Design Weight Engineer 
C. E. Chapman Chief of Thermodynamics 
с. С. Pope Tool Project Engineer 
Е. J. Richardson Military Requirements Engineer 
Р. D. Ferrara Chief Design Engineer 
A. R. Lambert Chief of Preliminary Design 
N. R. O'Brien, Design Specialist (Aerodynamics) 
Н. K. Cheney Engineering Staff Specialist 
С. 0. Ekrem Chief о? Stress 
Y. Welsman Senior Dynamics Group Engineer 


Members of the evaluating team that visited Convair included the follow- 
ing: 


J. W. Rene, Jr. Director of Engineering and Sales 

R. Goldin Chief, Structural & Mechanical Design Dept. 
Е. J. Mambretti Chief, Weapon System Section 

J. А. O'Malley Chief, Aerodynamic & Propulsion Design Dept. 
у. В. Paxhia Chief, Advanced Design Dept. 


A preliminary report of the comments are assembled herein. 

The ХР-109, except for the engine pods on each wing tip, is of convention- 
al appearance and is somewhat similar to a Р-104 in that the straight wing 
and lending gear give this impression. 

The airplane gains its vertical capability by the use of jet thrust from 


two vertical engines mounted just aft of the pilot, two engines with 
afterburners mounted on each wing tip in rotatable pods, and two engines 
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conventionally installed in the aft fuselage section. The aft engines 
are provided with a modulating diverting valve between the engines and 
afterburners во as to give downward thrust. Іп the УТО mode, lateral 

and yaw control are provided by the use of reaction jets at the respective 
extremities. Longitudinal control is provided by the throttling of the 
forward or aft engines. All action is from control stick and rudder 
pedals. 


Transfer from the VTO mode to normal, or vice versa, is by modulating 
the rotatable wing tip pods and the aft diverter valve and either atop- 
ping or starting the two forward engines, dependent upon which mode is 
selected. 


Preliminary surface impressions are that the VTO concept has been vell 

| thought out in specific areas and that design assumptions were based 
upon data from two previous experimental VTOL airplane and laboratory 
tests. 


| Individual representatives of the engineering team have included their 
| comments covering their respective fields. 


Basically the preliminary comments lend themselves to the following areas: 
| 1. What is the environment for the airplane? 
| 2. What tactical provisions must be added? 


3. The effect of adding the weight of possible omitted items, or 
items necessarily redesigned by additional development testing. 


1. The effect of adding the weight of equipment requested by the 
WADC labs. 


5. How firm is the engine data? 
6. How valid is the proposed schedule? 


The engineering team has been severely handicapped in that Bell has con- 
centrated upon a prototype airplane to be followed by the tactical ver- 
gion. The tactical version appears to have a multiple capability. Ноч- 
ever, no studies were available which tended to show its actual capability 
and operational use as а weapon or over-all weapon system. Also, no 
support studies were available. Until this data is generated only its 
mechanical capability can be evaluated. 


Engineering team comments follow, in summary, and then in detail. 
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SUMMARY OF COMMENTS 


(Under Existing Ground Rules) 


Systems Analysis 


If & manned fighter/bomber is considered & requirement, the XF-109 
appears to fulfill the technical requirements in broad terms. That 18, 
there appear to be no gross technical deficiencies. Further, the dis- 
persed basing concept which is made possible through the VTOL capability, 
should contribute significantly to its survival probability. However, 
dispersed basing raises numerous questions concerning operational support, 
maintenance and logistics particularly of an eight-engined aircraft. Such 
questions indicate the need for more detailed analysis of the ТАС mission 
together with the XF-109 and its employment concept. 


The XF-109 shows an advantage over conventional aircraft in opera- 
ting at the DEW line with its ability to land at the DEW line under а11- 
weather conditions. 

Electronics 

1. The electronic system of the airplane will adequately perform the 
required mission and it is highly recommended that Convair do every- 
thing practical to put this airplane and system into production. 


2. It is recommended that Convair be assigned as General Electronic 
System Manager for Testing, Checkout and Flight Test. 


Aero ica 

1. Examination of longitudinal stability,data from wind tunnel tests 
indicate instability at transonic Mach numbers at sea level for the 
rigid airplane. 


2. The horizontal tail is inadequate for longitudinal trim at Mach 
numbers above about 1.5 and at high altitude. 


3. The current configurations is directionally unstable at high Mach 
numbers. 


CONFIDENTIAL 


ГОДЫ 1112-43 


ANALYSIS 
PREPARED BY 
CHECKED BY 
REVISED ВУ 


CONVAIR PAGE l 


а о осмо им OF ОО ЭЕРА. DYNAM C35 CORPORATION REPORT NO. ZP-26hA 
SAN МЕСО MODEL 


CONFIDENTIAL 


|, Specified low speed performance appears obtainable. 

2. Specified high speed performance may be deficient in range. 
According to our concepts, ап adequate amount of fuel for take- 
off and lending requirements has not been used and the drag 
basis at high supersonic speeds is doubtful. (Estimated radius 
reduction 226 in supersonic region.) 

6. Acceleration and supersonic ceiling will also be decreased due 
to the difference in estimated wave drag. 

7. Aerodynamic data could be available to permit start under a risk 
basis in approximately 4 months after go-ahead, or 6 months normal 
basis. Wind tunnel testing would be completed in 12 months. 

Dynamics 

1. Areas under question might effect the weight by ап increase of 
1,500 198. This would be the addition of acoustic protection. 

2. Stability and control studies might necessitate configuration 
changes in the empennsge area. 

3. Dynamic investigations might delay release of structure by 
approximately 3 months. 

Thermodynenics 

| 1. Static and Том Speed Performance 
Performance 18 marginal for any above standard temperature day. 
Full consideration has not been taken of the reaction control 
thrust loss and of the effects of ingestion of exhaust gases. 
See Figure 1. 
2. High Speed Performance 


Inlet recoveries vhile high аге not inconsistent vith test data. 
Inlet size and engine airflow will have to be watched carefully. 
Ejector nozzle alr source does not appear to be adequately worked 
out. 
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Aero ic Heating 


Good coverage for steady state conditions. Considerably more 
transient detail needed. Engine cooling has to be watched as 
а source of weight increase. 


No anti-icing has been considered. 
If immediate go-ahead were to be obtained it would require 4 to 


6 months to firm up the engine inlets, anti-icing and air condi- 
tioning date. 


Pover Plant 


1. 


The F-109 must have the 0785 Phase II engine or equivalent to be 
successful. We are told by G.E. that the Phase II development and 
possibly Phase I &re contingent on the F-109 project being funded. 
The present implication is that the F-109 project must bear the 
entire 285 Phase II development cost. Тһе approximate cost of the 
eight engines after about the first 100 units (excluding initial 
development) will be of the order of $400,000. 


From а technical standpoint, the 185 Phase ТІ performance and 
weight would seem to be obtainable. Тһе time allowed for the 
development, &nd consequently the cost are in our opinion the 
most probable pitfalls in regard to the engine itself. It is to 
be noted that G.E. is at present, two growth phases away from the 
final product. It is also our opinion that there is no further 
growth potential beyond the Phase II engine. 


We believe that the 9112 has the potential to meet the Е-109 re- 
quirements. Pratt & Whitney has stated that engines with thrust 
ratings approaching (but still less than those required) could 
be available in three to five years from go-ahead. 
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Weights 
1. Weights appear optimistic by approximately 1,084 lbs. Inadequate 
6688 are: 
Fuselage 450 Lbs. 
Wing & Tail 90 Lbs. 
Propulsion Group 110 Lbs. 
Nacelle Group 60 Lbs. 
Air Conditioning & Anti-Ice 138 Lbs. 
Systems 127 Lbs. 
Miscellaneous 107 Lbs. 


No contingency has been allowed. 


2. Хо allowance has been made in the above to provide acoustic рго- 
tection, as discussed in our Dynamics Group comments (approximately 
1,400 138.) 


3. All design approaches show а difference over Convair's design соп- 
cept in that durability is not provided. 


1. To obtain the optimum weights shown by Bell it will be required 
to optimize design approaches and obtain a degree of weight con- 
trol which may lengthen the proposed release schedule. 


Structures 


l. Structural criteria and structural arrangement appear to be satis- 
factory. 


2. It is believed that with immediate go-ahead, structural release 
could be started in approximately two months. 


Tooling 


| 1. The XF-109 апа Е-109 program vill be well suited for our facility. 
The materials and construction of this aircraft are well within our 
current capabilities both in know-how and facilities; and it is felt 
that no formal manufacturing development programs would be required 
prior to production. Further, а review of the procedures of Bell's 
production departments reveals that they are very similar to Convair's, 
and would be compatible to our procedures should а joint program де- 
velop. 
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General 


A review of the above summaries indicates three specific areas of 
concern, i.e., hot gas ingestion, acoustic structural protection, and 
aerodynamic performance, stability and control. It 18 believed that 
further discussions with Bell are necessary and may cast light on 
possible solutions to these areas. 


The effect of increased wieght is also of concern, however, it 
by itself results іп a loss of radius which may not be too detrimental 
to the mission. Bell has done an extensive amount of development work 
| which cannot be discounted апа mechanically the airplane will fly. 


| It is noted that Convair believes that approximately 3 to 6 months 
аге required prior to full release. Release of some areas could start 
immediately. 


Weapon system and operation support studies must be expedited. One 
item in addition to the above cannot be realistically evaluated - this 
is the use and support of eight engines. 


CONFIDENTIAL 


года 4812 Аў 


ANALYSIS C O N V A в PAGE 8 


PREPARED BY A Өіуіліоы ПР GENtHAC DYNANICS CORPORATUDN REPORT ме. ZP-26hA 
CHECKED BY SAN DIEGO MODEL 
REVISED BY DATE 3j March 1959 


CONFIDENTIAL 


Systems Analysis Comments on Potential Tactical 


Employment of the XF-109 


The following comments concerning the XF-109's potential tactical 
employment are derived from the XF-109 brochure, discussions with Bell 
Aircraft representatives, and feelings based upon no study of the TAC 
mission area. Only limited information concerning the expected opera- 
tional capability of the electronic or armament sub-systems as proposed 
by Bell 18 available at this time. 


The ТАС mission in recent years has been really the SAC mission 
from forward baces. А tactical limited war capability and the requirements 
of such have received considerable summer study attention by high level 
AF, Navy and Army planning groups this year. It is not clear as yet that 
the XF-109 weapon system is & desirable one for this mission. The Army 
proposes several field-type surface-to-air missile systems for protection 
against tectical air attack. Such missile systems may relieve the require- 
ment for fighter support in forvard areas. Іп addition, the possession 
of such missiles by the enemy provides ап equivalent defense against 
виси all-weather attack aircraft as the subsonic Navy АФЕ and possibly 
the ХР-109 as well. Other Army proposals include missile systems to 
accomplish the tactical bombardment mission. Such developments may be 
expected to reduce military interest in more conventional methods of 
tactical weapon delivery. 


If a manned fighter/bomber is considered а requirement, the XF-109 
appears to fulfill the technical requirements in broad terms. That is, 
there appear to be no gross technical deficiencies. Further, the disper- 
вед basing concept which is made possible through the VTOL capability, should 
contribute significantly to its survival probability. However, dispersed 
basing raises numerous questions concerning operational support, mainten- 
ance and logistics particularly of an eight-engined aircraft. Such ques- 
tions indicate the need for a more detailed analysis of the TAC mission 
together with the ХЕ-109 and 158 employment concept. 


The unique aspects of this aircraft (M = 2.5/VTOL combination) may 
suggest other missions which would warrant further investigation. For 
instance, the aircraft might be used as an ASW interceptor to investigate 
SOSUS contacts about 300 miles off-shore. The hovering capability used іп 
ASW search combined with very high dash speed to minimize "time late", 
when supported by a miniaturized ASW localization, classification and kill 

| payload could make а system far more desirable than а P3V or future 
| follow-on. 
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Within the Air Defense Command mission there exists an attractive 
possibility that the ХҒ-109 might be uniquely suited to policing the 
DEW line. The VTOL feature would constitute a significant improvement 
over zero-length-launching of conventional aircraft and at the same 
time would simplify the recovery problem. In this role, the intercept 
capability of the XF-109 should be adequate and its speed/altitude per- 
formance should be well suited for visual identification missions. Ав 
а trailer aircraft the ХҒ-109, as presently configured, appears to have 
а relatively limited capability. However, there may be potentialities 
in this mission worthy of further developments. 


It is hoped that the planned limited war studies for 1959 by Operations 
Analysis will provide a more concrete basis for appraising military systems 
of this type. 
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PRODUCT SUPPORT COMMENTS 


Discussion centered around the Cooperational Ground System and 
Support System of the weapon system. Very little operational 
planning has been done to date by Bell Aircraft Corporation on 
the Cooperational and Support Systems. 

Bell is ready at this time to submit to the Air Force the pre- 
liminary operational plan of the ХР-109г: Е. Mambretti, Chief 
Weapon System Engineering at Bell was somewhat in doubt as to 
what should be in this plan and did not know of AFR-5-47 which 
outlines what must be in the plan, i.e., cooperational system 
plan, ground support system plan, and maintenance analysis plan. 
Although Mr. Mambretti was familiar with MIL-D-9hl2C, he was amazed 
at the magnitude of its coverage throughout the weapon system pro- 
gram. For MIL-D-9h12C, the following tasks are necessary іп а 
Weapon System Management program: 

a. Write preliminary operational plan for USAF. 

b. Prepare Ground Support System Plan (Based on 1). 


c. Prepare Operational Ground Support Equipment System Specifi- 
cation (based on 1 & 2). 


а. Prepare Maintenance Analysis Specification (based on 1, 2 & 3). 


e. Prepare Ground Support Equipment Recommendations data per 
MIL-D-9412C, Figure 1 (based on 3 & №). 


f. Prepare Ground Support Equipment Development Status Reports. 
g Prepare Ground Support Equipment Test Schedules. 

h. Prepare Ground Support Equipment Qualification Test Reports. 
1. Prepare Support System Suitability Reports. 

3. Prepare Ground Support Equipment Procurement Data. 


k. Prepare Ground Support Equipment Illustrations. 
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1. Inspect all data, etc., (2 through 11) for quality. 
m. Coordination and scheduling of all items (1 through 12). 


Dispersed Basing: Generally the dispersed base aircraft must have 
everything in the way of operational support that a consolidated 
base aircraft must have, but all the support must be mobile. 
Mambretti agreed on this but maintained that this could be over- 
come by designing self-sufficiency into the aircraft. With the 
exception of а fev "ease of maintenance" items on the XF-109, the 
only self-sufficient items seemed to be the integral pilot's 
ladder and the engine self starter. (To be realistic, these are 
the items that will be the first to be omitted in a weight saving 
program, and the XF-109 looks like it is due for some.) 


Flight Engine Aircraft: (Maintenance and Logistics): - "All engines 
(5-85) have to be operating under full control and balance"per 
Mambretti. The control and balance vill present а field checkout 
problem on a field engine change. All eight engines should be inter- 
changeable to relieve the logistics problem. This can be done by 


multiple Q.E.C. interchangeability kite. 
Recommendations: 


а. That Convair до the cooperational system, Ground Support System, 
Maintenance Analysis and Logistic Planning for the weapon system. 


b. Assuming that Convair joins Bell in this Weapon System, that the 
preliminary Operations concept not be released to the A.F. until 
Convair concurs, per AFR-5-47. 
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RESULTS OF PRELIMINARY INVESTIGATION OF ELECTRONICS FOR THE ХЕ-109 


1. Preliminary investigation of the ХЕ-109 Bell Model 2000 
Electronic Equipment indicates the system will adequately 
perform the required missions. The report on Electronic 
Equipment and Systems, which is on file in Preliminary 
Design, completely defines the electronic system for the 
Bell Model 2000 electronics. It outlines the major sub- 
systems of the СМТ group (Communications, Navigation and 
Identification), the Doppler-Inertial Navigation equipment, 
the central computer, the Fire Control Radar and the Displays 
end Controls. These unite are identified by part number 
where standard equipment is used and by manufacturers noting 
the type equipment from which the unit was designed. Refer- 
ence (2) further breaks down the units into individual boxes 
and shows size, weight and current status. Reference (3) 
details cooling required for all units and notes that approxi- 
mately 8 pounds of cooling air per minute at 0° С of the hO 
pounds available is needed to cool the electronic packages. 
Reference (4) shows pictures of each of the control panels 

| and the display system. 


2. Оуег-а11 Comments: 


А. The electronic system utilizes в central digital computer 
which eliminates the bombing computer, the navigation 
computer, the air data computer, etc. This is the primary 
reason for a system weighing between 900 to 925 pounds 
which has all the required capabilities as follows: ` 


(1) Intercept missions using radar and/or Ground Control- 
led Intercept and firing A-A missiles. 


(2) Attack missions to drop any type of weapon ог to fire 
ASM. 


(3) Reconnaissance mission utilizing a bomb bay package 
Bide-looker radar and cameras. 


B. Production Program - No production program exists at this 
time. The following was set up for flight testing require- 
ments and system testing. Delivery of the units as follows: 


| 1 Developmental Unit - 1 July 1960 
| 1 Developmental Unit - 1 September 1960 
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The units should be ground tested for 3 months and then 
flown in an RB-66 or equivalent type aircraft. 


l Prototype CNI, Computer and Doppler Interial Sub- 
system, 1 May 1961 to be flight tested in ХЕ-109, 


l Prototype Computer and Fire Control Sub-system, 
1 August 1961 to be flight tested in XF-109, 


Production units for flight test aircraft at a rate 
of one per month, beginning in January 1962; two 
per month, in October 1962; and three per month 
thereafter, building up with aircraft requirements. 


The General Electronic System Manager for Testing, Check- 

out and Flight Test has not bsen assigned. It is recom- 
mended that Convair be assigned as general manager for this 
task. This is considered the major problem area of the system. 


Deficiencies in the Electronics System: 


(1) No method of recording radar scope information. This 
should be added to the system. 


(2) The autopilot and fire control radar should be inter- 
connected so that the plane can fly hands off on an 
intercept mission. Some changes are required for 
this operation. 


(3) The controls should be further tested to make sure 
they are not too close together for pilot use. Since 
the cockpit instrument panel and console are non-standard 
and therefore subject to customer controversy, а conven- 
tional cockpit arrangement should be drawn and mocked-up. 
The cockpit layout should be investigated further to ensure 
optimum "Human Factors" consideration. 


(4) The two hydraulic motor driven 10 КУА genetebotejare located 
in the Aft electronic compartment. This situation is objece 
tionable because (1) close proximity of 400 cycle main power 
cables to electronic equipment will likely result in radio 
noise, (2) Hydraulic line breakage leaks in this compartment 
would create serious electronic operational problems and (3) 
the generators агв not accessable for maintenance. 


The Central Computer is the heart of the airplane and if this 
fails, the airplane has noi, attack or intercept capabilities and 

has few instruments operating on the panels. There is enough 
information available for the pilot to navigate by radar and land 
upon return to base. The computer should be highly reliable, how- 
ever, and this is considered а practical system. Тһе reliability of 
this unit should be completely investigated. 
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F, A Data Link is available to transmit and receive attack information 


between the plane and the ground. 


porting attack information, etc. 


This could also be used for re- 


G. А study is required to evaluate the best equipment for use in the 


aircraft as noted in Exhibit 018158-12 and -18, 


as follows: 


Exhibit WCIN58-12 


ARC-62 UHF Communications 
ARR-44 Data Link 

AIC 18 or 20 ICS 

АРМ-94 Radar Altimeter 


Present Bell XF109 


ARC-51 (XN-3) 
ARC-51 (ХМ-3) 
AIC-10 
APN-116 


Equipment is listed 


Note: Other equipment is the same. Some of the above substitutions 
were made to save size and weight and others to provide neuer 
equipment. This vill have to Ба cleared with the Air Force 


and a final decision made as soon as possible. 
Н, Other items which should be investigated are as follows: 


1. Study transient heating effects thoroughly. | 

2. Development of a mock-up program and cockpit simulstor for 
electronic system tests. 

3. Setup detailed flight test program. 

4. Insure that the electronic system is completely integrated. 


The Electronics System of the Model 2000 aircraft will adequately perform 
the required mission and it is highly recommended that Convair do everything 
practical to put this airplane and system into production. 


References: (Оп file in Aircraft Preliminary Design) 

(1) Electronics Equipment and Systems 

(2) Status of Electronic Equipment 

(3) Summary of Cooling Air Requirements 

(4) Drawings 2000-748003, -748004, -748006, 


-748007 Consoles and Instrument Panels 
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F-109 EVALUATION - AERODYNAMICS 


An evaluation of the data used by Bell Aircraft for performance estimation 
has been initated. The evaluation is based on the available published wind 
tunnel date. and Bell analyses and therefore pertains to the Mach 2.3 ver- 
sion. 


I. Mission Definition 


The basic intercept mission has been selected for evaluation because 
it reflects the supersonic capability. This mission involves an 
acceleration to May with cruise out and combat at that speed. The 
definition of take-off allowance and landing reserve fuel quantities 
to be used for performance calculations radically affects the mission 
radius. The values assumed by Bell are felt to be optimistic although 
Mr. O'Malley, Chief of Aerodynamics and Propulsion at Bell, stated 
that the Bureau of Aeronautics has concurred with the Bell definitions. 
He further stated that Air Force concurrence could be inferred from the 
fact that МАРС has monitored the progress of the XF-109 project. This 
matter could регһарв be resolved by a further study of the tactical 
deployment of the airplane and the associated operational techniques. 
The take-off allowance is inadequate to accelerate to climb speed, the 
landing reserve is inadequate to allow a go-around, and it has been 
assumed that armament is expended in combat. This latter assumption 
is contrary to MIL С-5011А (AF Perf. Spec.). However, lacking a 

prior agreement with the Air Force, this area of doubt represents a 
possible 22% reduction in mission radius as shown on the following 
table. 


11. Drag Basis 


A study of the dreg basis used in the Bell performance estimates 
has shown that, with the exception of wave drag, the various com- 
ponents of the drag basis are consistent with Convair practice. 
However, the possible discrepancy in the маме drag is a serious one 
which must be resolved before the high speed performance estimates 
could be substantiated at WADC. Discussions with the Bell people 
who analyzed the wind tunnel data will be required to resolve this 
point. 


A band of performance has been established, the width of which re- 
flects the uncertainty in the wave drag estimate. This effect, 
along with other examples of optimism in the estimated performance, 
are tabulated below. 
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A. Radius Performance (Bell weight and thrust basis, rigid airplane) 
Relative Radius 


1. Bell Mission, Bell Drag Basis. 100% 
2. Bell Mission (SAGE reserves and MIL C-5011A 

Take-off Allowance)* Bell Drag Basis. 78 
3. Same ав 2 but armament brought home. 76 
4. Same as 1 but including likely drag increase. 93 


В. The doubtful areas in the drag basis represent significant effects 
on time to accelerate and supersonic ceiling. Subsonic perform- 
ance appears to be on а firm basis and most fighter bomber missions 
are unaffected by the doubtful drag area. 


t Take-off Allowance: 1 min. maximum power, 2 min. at 80% military 
power . 


SAGE lending reserves: 10 min. loiter at 35,000 ft. and 10 min. 
at sea level. 


Stability and Control 


An examination of the longitudinal stability data from vind tunnel 
teste of the current configuration indicates a serious stability 
problem at trensonic Mach numbers. Тһе attached curve (Figure 1) 
shots the elevator required for trim at М = 0.9 with the center of 
gravity at 33$ в. Тһе curve shows that the rigid airplane would be 
slightly unstable at sea level and neutral at higher altitudes. 
Corresponding stick forces would be light or actually unstable. 

The effects of elastic deformation of the airframe have not been 
included, but аге felt to be seriously destabilizing because of wing 
divergence. The airframe stability 1s obviously unacceptable in its 
present configuration. А number of fixes are possible: rebalance 
with the c.g. further forward with respect to the wing; resize and/ 
or relocate the horizontal tail; accommodate the instability with 
the augmentation system and sell a deviation to MIL F-8785. Object- 
ions to each of these approaches can be raised and a solution in the 
problem would require further wind tunnel testing, as well as con- 
siderable analytic work and redesign. 
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With its quoted maximum deflection of 12°, the horizontal tail is 
also inadequate for longitudinal trim at Mach numbers above about 
1.5. Figure 2 shows ( ав limited by horizontal tail deflection 
(for the rigid airplane). The curve shows that trimmed level flight 
is not possible above about 60,000 feet at M= 2.3. ‘The estimated 
ceiling et this speed is about 70,000 feet. Since a reasonable 
Objective might be 2 to 3 g capability аб ceiling, а considerable 
increase in control moments will be required. 


Finally, the current configuration 15 directionally unstable at 
high Mach numbers. Mr. O'Malley believes that larger ventral sur- 
faces, rather than a larger fin, will be required to achieve 
adequate stability. 


The above stability and control problems do not appear to be in- 
surmountable. However, their solutions could seriously affect the 
development schedule. Further, since these problems have been 
Observed ав а result of the most cursory investigation, the proba- 
bility is clearly suggested that others may exist in агеав not yet 
examined. 


SUMMARY 


The aerodynamic information generated since the preliminary evalua- 
tion has been, in general, adverse and contradictory to the verbal 
information obtained initially. 


An attempt is made below to show the schedule on which Aerodynamics 
could proceed if Convair accepts engineering responsibility for the 
Е-109 project. The schedule is paced by the availability of high 
speed wind tumnel data on which to base configuration modifications 
and performance estimates. Assuming immediate go-ahead, the schedule 
coincides roughly with the next high speed test in the Bell program. 
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DYNAMIC GROUP COMMENTS 


The major problems in the Dynamic Group areas would appear to be in the 
acoustical excitation and the dynamic stability areas. Тһе former problem 
represents a considerable weight addition to the weight estimates. The 
required data to evaluate the latter problem ig not available at Convair. 


Ae 


с. 


Loads 


It is anticipated that the major portions of the airplane structure 
will be designed from stiffness considerations. A possible exception 
to this could arise from consideration of the fatigue effects of low 
altitude turbulence on a wing which has a divergent characteristic. 
The general load picture is adequate, however, to make it feasible 

to consider putting the project on the design floor. 


Flutter 


several potential flutter problem areas are immediately discernible 
upon examining the F-109 configuration. Bell is quite obviously 
aware of these areas and has conducted a series of Wind Tunnel tests 
designed to detect and correct design defects conducive to flutter 
instabilities. In general it can be said that Bell is considerably 
further along in their flutter program than is usual at the pre- 
design level. 


Acoustics 


The noise level as estimated by Bell in the region of the cockpit and 
impinging цроп the aircraft structure have been briefly reviewed. The 
latest Bell data received is felt to be unrealistic in both the exter- 
nal enviroment and the transmission factors into the aircraft. The 
weight penalty involved in an adequate solution to these problems has 
been conservatively estimated at 1400 pounds. A reduction of this 
estimate might be possible by a careful consideration of the relatively 
Short time requirements of this aircraft. Engine test stand data in 
this area employing at least a single engine is urgently needed to 
clarify the effects of ground reflection of the jet noise. 
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Armament Development 


During the past week we have been verbally informed that all arma- 
ment is to be either rocket fired or ejected from the trapeze. 
Ejection velocities of approximately 15 ft. per second are con- 
templated. This approach would seem to be realistic. Since the 
design of a trapeze system is а time consuming exercise its early 
start 18 recommended and an experimental verification program is 
urged. 


Stability end Control 


A major concern here is whether or not an airplane should be designed 
that is unstable within the flight regime’, depending upon auto 
stabilization systems for satisfactory flight. This approach has 
previously been discussed but has not been adopted by Convair. The 
latest wind tunnel data available from Bell indicates unstable 
regions exist in both longitudinal and directional planes. Не have 
been verbally informed that аекоејав је effects have been considered 
in their stability analyses but data indicating the magnitude of 
these effects have not been available to Convair. It can only be 
assumed from the basic aercelastic response shown in the loads vork 
that these effects would throw a large added responsibility into the 
autostabilization system. Moving the c.g. forward, to alleviate the 
stebility problem will certainly accentuate the coupling problem 
betueen the rigid body short periods and the wing bending that must 
be present in the aeroelastic analysis. 


Whether this problem is best solved by a rearranged empennage, a 
larger dependence on automatic control, or automatic c.g. control 
is & matter of considerable study. 


The effect of engine duct instability on airplane response has not 
been studied. The stable range of the Nacelle ducts is considered 
marginal. With their out-bosrd location this could lead to & very 
serious airplane response problem. Тһе solution may lie in the 
autostabilization system design, the structural design, ог ina 
design of the coupling mechanism between the paired engines. Іп any 
event, an approach must be selected. 
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Р. Controls 


The control system as outlined will apparently work. Simplifications, 
particularly pointed toward reliability is probably possible and 
desirable. Several months work in this area would benefit the air- 
craft. 


Summary 


In summary it would appear that the areas under question might effect 
the veight approximately 1400 lbs. and delay the firming of the con- 
figuration at least three months. 
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THERMODYNAMICS COMMENTS 


The previously submitted Thermodynamics comments regarding the 
XF-109 evalustion are revised and expanded as a result of discussions 
with personnel of Bell Aircraft Corporation during the week of 23 
February. Most of the Thermodynamics discussions were with Mr. 7.3, 
O'Malley, Chief of the Aerodynamic and Propulsion Design Department. 


I. PROPULSION SYSTEM ANALYSIS 


1. Static and Low Speed Performance 


Preliminary scale model test data indicate that the esti- 
mated auxiliary inlet pressure recovery and the losses associ- 
ated with the thrust diverter may be a little conservative. 
Analysis of the final scale model data and monitoring of the 
continuing test programs are required to verify these results. 


The reaction control system for VIOL uses engine compres- 
вог bleed that is ducted to variable orifice nozzles at the 
airplane extremities for yaw and roll control. Thrust modul&- 
tion is used for pitch control. Since the system 18 a demand 
bleed system, any control motions result in a thrust decrement. 
Full application of the roll control causes a thrust decrement 
of 1328 lbs., full yaw control, 972 lbs., and full pitch con- 
trol 2200 lbs. 


Bell Aircraft has done considerable computer and simulator 
etudy of the reaction control required during VTOL and transi- 
tion. This required control produces thrust losses which are 
less than those used inthe installed thrust analysis. An srea 
which requires watching is the dynamic response of the engines 
to the varying bleed and thrust modulation demands required for 
control. 


The installation losses arrived at in references 1 and 2 
were used to calculate approximate thrust to weight retios utili- 
zing the advanced engine of reference 5 together with the latest 
gross weight of 25,963 lbs. These ratios are presented in figure 
1 as а function of ambient temperature for the Phase II and phase 
I growth engines. It can be seen that the Phase II engines are 
а necessity. 
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The re-ingestion of exhaust gases seems to be the most 
serious take-off problem. Bell haa some question about the 
validity of the quantitive date obtained from the 1/10 scale 
jet impingment model. However, since this is the only data 
available, it is used. Their most recent work shows that the 
use of H beam baffles attached to the ground mat results in 
temperature rises of only 2 to 3° F. However, this is based 
on the optimistic assumption that take-off will be accom- 
plished in 2 seconds after afterburner ignition, thus pre- 
venting full temperature rise. We believe that a take-off time 
of 15 to 20 seconds would be more realistic. Testing of the 
1/10 scale model is continuing and a full scale test stand is 
scheduled to begin operation this year. 


It is our feeling that take-off can be accomplished 
satisfactorily by using some amount of ground equipment - the 
| exact amount and type to be determined by the model and flight 
' | test programs. Landing could probably be accomplished on any 
hard surface. 


2. In-Flight Performance 


In our opinion the supersonic performance is optimistically 
presented. Preliminary data indicate that the inlets as pre- 
sently conceived are not satisfactory at high supersonic speeds. 
Data from wind tunnel tests of a 1/6 scale single nacelle inlet 
model indicate that the nacelle inlets have no subcritical stabi- 
lity margins at Mach 2 and above. The fuselage inlets have not 
yet been evaluated at supersonic speeds in the presence of a fore- 
body and wing. At present high speed wind tunnel test programs 
are beginning on a 1/4 scale complete nacelle inlet model and on 
a 1/8 scale fuselage inlet model. It is our opinion that the 
inlet stability should be stressed as much as the pressure re- 
covery during these tests and that the tests should be extended 
until satisfactory inlet operation can be obtained at high speeds. 


Because of the very close inlet sizing used, it may be 
necessary to have the engine manufacturer guarantee the airflows 
at the high supersonic speeds as well as the thrust and fuel 
flow. 


Our experience with the F-106 has indicated that inlet "buzz' 
is a bigger operational problem than performance. Оп the XF-109 
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inlet buzz of one of the nacelle inlets and the associated 
compressor stall and loss of thrust could cause а large aire 
plane yaw. Instability in one nacelle inlet might also 
trigger instability in the other inlet of the same nacelle 
and thus aggravate the airplane control problem. 


It is recommended that the inlet control development 
program be given more emphasis. Inlet control parameters 
should be studied during the previously mentioned wind 
tunnel tests. 


Ав of yet, Bell has not done any detailed analysis of the 
secondary airflow required for the engine ejector nozzles. They 
plan to bleed air through а ramp slot for inlet boundary layer 
control and then to use this air as ejector secondary air. It is 
our opinion that the pressure level of this air will be too low 
for this purpose - expecially in the subsonic and low supersonic 
T Speed range. 


II. AIRPLANE SYSTEMS 


Insufficient time was available to discuss the other airplane 
systems with the Bell personnel. However, the following comments 
are felt to be pertinent. 


| Extensive data was generated by Bell Aircraft for Aero Heating 
| of the wing during two flight considerations. Steady state flight 
and acceleration to Vmax, (transient). 


Appreciable thermal gradients can be realized between skin and 
stiffeners. Up to 1009, in the transient case evaluated. 


Our studies on aircraft with similar flight capabilities have 
shown some critical structural design consideration have been 
agsociated with higher transients; dive toward limit line, or in 
repid deceleration from the Max. Temp. condition. These maneuvers 
were not evaluated for the effects of Aero Heating. 


The extent of conservation inherent in the weight allowances 
are not presently known, however, consideration must be given to 
weight, increases due to effects mentioned above. 
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Cooling of the engine compartment, hydraulic system, and ac- 
cessory components are discussed іп a general manner negating the 
possibility of any comment. Further such items, while contributing 
to the weight аге not considered of major importance at this stage 
о? aircraft design but must be examined in detail after general con- 
figuration stabilization. 


Air conditioning data and details of the air conditioning unit 
vere not available. 


No &nti-icing has been considered. If anti-icing is required, it 
could affect the inlet design and possible other areas. 


ІТІ. SCHEDULE 


In general it is felt that about six months will be required to 
| reach а point where the airplane configuration can be defined enough 
| to proceed with some assurance оп detail design and guarantee per- 

formance. From а Thermodynamic standpoint this time is necessary 
to revise the inlet design, wind tunnel models, and model test pro- 
grams, and to re-estimate the performance. 


It may be possible, after about one month of detailed study, to 


release the present inlet design for prototype airplanes. However, 
these designs may require severe high-speed flight restrictions. 
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485 ENGINE COMMENTS 


The following comments оп the 485 engine program are based оп a very 
superficial and brief investigation. 


The 185 program to date has had several rough periods, with G.E. having 
to redesign the compressor and other components to meet performance. This 
resulted in schedule delays and undoubtly higher costs. These problems 
appear to have also triggered off rather extensive organizational changes 


at Lynn. 


The F-109 must have the 285 Phase II engine or equivalent to be 
successful. We are told by G.E. that the Phase II development and possibly 
Phase I are contingent on the F-109 project being funded. The present 
implication is that the Ғ-109 project must bear the entire 1785 Phase II 
development cost. The approximate cost of the eight engines after about 
the first 400 units (excluding initial development) will be of the order 
of $400,000. 


From a technical standpoint, the 185 Phase II performance and weight 
would seem to be obtainable. Тһе time allowed for the development, and 
consequently the cost are in our opinion the most probable pitfalls in 
regard to the engine itself. It is to be noted that С.Б. is at present, 
two growth phases away from the final product. It is also our opinion 
that there із no further growth potential beyond the Phase II engine. 


We believe that the 4132 has the potential to meet the Е-109 require- 
ments. Pratt & Whitney indicated that engines with thrust ratings аррговеһ- 
ing (but still less than) those required could be available in three to 
five years from go-ahead. 
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WEIGHIS GROUP COMMENTS 


Discussions with Bell Aircraft Corporstion Engineering Staff re- 
garding the weight of the F-109 indicates that they are optimistic 
about their ability to meet the weights they are presently quoting 
within some reasonable tolerance. This attitude is understandable since 
the airplane would be of questioneble value if the weights increased by 
the amount indicated by Convairs weight group. 


The largest single increase in weight is probably the one connected 
with engine noise effect on the pilot, electrical gear and airplane 
structure. It was agreed by Bell and Conveir that this problem required 
additional detailed study. It was also agreed that Convair's brief weight 
evaluation was probably conservative and the 1400-1800 pound penalty 
could be reduced. 


The second largest weight increase estimated by Convair vas in the 
fuselage structure. This was reviewed in considerable detail with Bell 
Engineers. If it were possible to start with an F-106 fuselage and 
eliminate 811 unusual weight penalties in that structure and at the 
ваше time not add any weight increments for possible problem areas 
on the F-109 then it would be possible to meet the weight allowed for 
the F-109 fuselage. This is certainly an optimistic and possibly un- 
realistic viewpoint. 


Another area of possible overweight indicated by Convair is in 
mechanisms, systems and wiring catagories. These areas are very diffi- 
cult to evaluate. Convairs evaluation was based on experience on the Е-102 
anû F-106. There have been advancement in the state-of-the-art on equip- 
ment design since the F-106 went into production however, it does not 
веет possible to build some of the complicated mechanisms for the weights 
allowed by Bell. 


Another problem ахеа which is closely related to the engíne noise 
problem is in the light construction of wing and tail treiling edges. 
Тһе .010" covering and 2.3 lb. density honeycomb is much lighter than 
Convair has ever considered using on their airplanes. 


Convair has never been in & position vhere they could continue re- 
designing until the ultimate had been achieved.in light weight design. 
Thig will be necessary on the F-109; however, this is not compatable with 
а production program. 


А weight summary follows with brief comments on the various weight 
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CONVAIR'S WEIGHT SUMMARY FOR M = 2.3 XF-109 


| BELL | CcONIVAI: 
M= 2.3 | CHANGES | ма 2.3 
Wing Group | 1081 + 50 1131 
Tail 607 Боож hO 647 
Fuselage | 2596 + 450 3046 
Landing Gear 648 | + 34 682 
Surface Controls | 525 | 10 535 
Nacelle Group 1286 | + 60 i 1346 
Propulsion Group (5611) | (+ 10) ( 5751 ) 
Engine Шуто | 3170 
Air Induction | 194 | + 30 225 
Exhaust System | 327 | + ДО 367 
Fuel System 496 | 490 
Engine Controls 120 | 120 
Starting System Що | ho 
Engine Cooling 0 x + №0 ho 
Instruments & Navig. 144 + 23 167 
| Hyd. & Pneu. 565 | 565 
— Electrical 364 | + 76 LUO 
Electronics x 867 | + 30 897 
Armament | 0 | О 
Furnishings & Equip. | 426 | + 63 589 
Air Conditioning % Anti-icing | 279 | +138 317 
Auxiliary | 25 25 
WEIGHT EMPTY | 14954 +1084 16038 
Useful Load | (11009) | (= 047) (10162) 
pilot, | | 215 215 
Unusable Fuel | 90 | 90 
о TL | ті 
Usable Fuel 9750 | ۔‎ 911 | 8839 
Armament 603 | | 603 
Prov, for Armament 280 | + 36 | 316 
Survival Kit | | + 28 28 
| 25963 | + 231 | 26200 


TAKE-OFF GROSS WEIGHT 
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GENERAL WEIGHT GROUP COMMENTS ON 


WEIGHT INCREASES ON XF-109 = М = 2.3 AIRPLANE 


WING GROUP 


Basic check of wing box weight appears reasonable but trailing 
edge, spoilers, and deflectors appear low based on F-106 elevons 
of 3.9 lbs./sq. ft. + 50 


TAIL GROUP 


Based оп F-106 and 880 data, the weights allowed for the horizontal 


tail leading edge 


FUSELAGE 


and trailing edge and also the vertical trailing 


edge appear light. + مہا‎ 
Based on data available and comparing with F-106 and F-104 data the 
E fuselage welght appears very light. This 15 based on having а mis- 
gile bay, numerous cut-outa for access, and forward engines compart- 
ment, and three fuselage fuel tanks. The door actuating and fuel 
tighting are also included in AN fuselage weight. + 450 
LANDING GEAR GROUP 
A weinht evaluation by the design group and information received 
from СЕТ the main landing; rear apocars light. + 34 
| ЭРАСЫ СОШТНОТ, 
Тһе trim ала feel control аге short 10 108. based оп Ғ-106 control 
systems. + 10 
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GENERAL WEIGHT GROUP COMMENTS ON 


WEIGH! INCREASES ON ХР-109 = M = 2.3 AIRPLANE 
(Cont à.) 


NACELLE GROUP 


Estimated increase in variable ramp controls and operating mechanism 
based on F-106 and F-102 data, + 30 


It is questionable wiether sufficient weight has been allowed inthe 

nacelle for the actuation, guides, tracks, serodynamic seals, flexible 
connections etc. required for the movement of the inlet structure to 

provide an alternate engine inlet. + 30 


EXHAUST SYSTEM 

Bell data did not indicate expansion joints in diverter and tail pipe 

weights. This could amount to considerable weight. The expansion 

joints plus mounting rings are estimated to weigh an additional 40 lbs. + 50 
AIR INDUCTION 


Estimated increase in variable ramp controls and operating mechanism 
based on Ғ-106 data. + 30 


INSTRUMENTS 


Weight allowed for instrument installation provisions appears in- 
adequate. Bell data did not list instrument and installation 
separately. + 23 


ENGINE COOLING 
No weight allowed for engine compartment cooling and ventilating. It 
seems unlikely that proper airflow can be obtained through the entire 
operating range without some sort of distribution system, SCOOPS, 


scrolls, ejectors, etc. For eight engines, isolated from each other, 
2 this could be considerable. Est. 5/ per engine. + 10 


CONFIDENTIAL 


چھ پر اور (блм‏ 


ANALYSIS с ON У А I в РАСЕ 


PREPARED BY A Diu rú ION ОР GENER AL DrwAMI св CORPORATION REPORT NO. 2р-26ЩАд 
СНЕСКЕО ВУ ЗАМ DIEGO MODEL 
REVISED BY DATE 3 March 1959 


- CONFIDENTIAL 


GENERAL WEIGHT GROUP COMMENTS СИ 


WEIGHT INCREASES ON XF-109 - M = 2.3 AIRPLANE 
(Cont'd. ) 


| ELECTRICAL GROUP 


Estimated increase for wiring, relays, electrical equipment 


supports and lites. (Based on F-106) + 56 
ха 
Electrical provisions for armament actuation + 20 
ELECTRONICS GROUP 
Based on comments of E.E.L. the weight for electrohics appears 
satisfactory except for miscellaneous brackets and herdvare. + 30 
FURNISHINGS AND EQUIPMENT 
ми Delete Survival Kit contents. Should be іп Useful Load. - 19 
Convair feels that Ү.А. ejection seat vill not do the job without 
modification. A weight panelty will be necessary. + 36 
The glare shield appears light. Based on F-106, a weight in- 
crease is in order. + 5 
Fire detection system on the F-106 is 7.5 lbs., if system is 
similar the XF-109 will need 60 lbs. ув. 19 lbs. + AL 
AIR CONDITIONING AND ANTI-TCING 
| Based on studies of extending the F-106 to M = 2.3, it was 
estimated an increase in air conditioning unit and ducting would 
be necessary. + 10 
Bell data indicates no anti-icing Рог air inlet ducts and ramps. 
The spec. implies there will be anti-iced if necessary. Convair 
feels it will be necessary. + 60 
Based оп F-106 data, the rain removal appears light. + 15 
| Anti-Ice should be 28 lbs. in lieu of 5 lbs. allowed based on F-106. + 23 
— | TOTAL WEIGHT EMPTY CHANGE 108% 
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GENERAL WEIGHT GROUP COMMENTS ON 


WEIGH. INCREASES ON XF-109 = М = 2.3 AIRPLANE 
Cont "4. 


USEFUL LOAD CHANGE 


Rased on Falcon displacement data on F-106, it is estimated the 
weight for Armement provisions for 3 side-winders should be in- 


creased. + 36 
Add global survival kit to Useful Load in lieu of Weight Empty. + 28 
Reduce fuel and maintain maximum VTO Grose Weight of 26,200 lbs. - M] 

26200 


REVISE TAKE-OFF GROSS WEIGHT 
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XF-109 


Additionel Weights Required for the Acoustic Environment 


Based on limited information aveilable а check was made to deter- 
mine an approximate weight penalty that would arise due to the Dynamic 
Group comments about acoustic treatment. 


Basic Ground Rules 

1. Weight per square foot enclosing cockpit area is to be 12 pounds. 

2. Weight per square foot enclosing any electronic area is to be 6 pounds. 
3. Weight per square foot throughout lower surface is to be 4 pounds. 


4. Wing box structure where fuel is stored is assumed to be adequate at 
take-off with full power and at landing with reduced power. 


Weights were derived by scaling a reduced drawing; therefore, are 
approximate. Column No. 1 represents weight increase to XF-109 using 
Bell's Estimated Weight and Balance Report 2000-942002 as a basis. 
Column No. 2 represents weight increase to ХР-109 using weights as 
listed previously in this report. 


(1) (2) 
Forward Electronics 8 6#/Sq. ft. + 100 + 65 
Cockpit @ 12#/sq. ft. + 800 + 570 
Aft Electronics @ 6 /84. ft. + 250 + 220 
Fuselage 238 to 652 + 450 + 350 
Leading Edge + 20 + 20 
Trailing Edge + 80 + 30 
Horizontal Tail + 50 + 25 
Landing Gear Area + 100 + 100 
TOTAL WEIGHT PENALTY + 1850 + 1400 
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STRUCTURAL COMMENTS 


The F-109 aircraft is designed for 6g load factors--hot--at the end of its 
thermal life. It is being designed to operate in & thermal environment for 
3200 hours, which represents approximately 4000 flights of 43 minutes duration. 
The original intent vas to design it for а Mach 2.5 (Үд = level flight high 
speed) and Mach 2.75 (V, = limit dive speed). However, engine capability, it 


appears, will reduce the top speed to Mach 2.3 for Ун and Mach 2.5 for Уг? 


Тһе F-109 development was originally financed by the Bureau of Aeronautics; 
therefore, the structural design criteria is patterned after MIL-8629. However, 
the Navy ran out of funding and the Air Force took over and provided funds to 
complete Phase I study through mockup. It is expected, however, that the 
structural design criteria will not be changed. 

The first aircraft to be designed and built will be limited to Mach 2 
because of engine capability. However, the primary aircraft structure will be 
designed to the Mach 2.3 to 2.5 capability. The pilot's enclosure, the wing 
tip nacelle pods and engine ducts will be designed for Mach 2 and therefore will 
have to be redesigned when the more advanced engine capability is obtained. 

Their present planning considers the use of X2020 and 2024-1986 aluminum 
alloy material. From tests which they have conducted on 2020 material they felt 


that in the temperature environment within which the aircraft will operate, the 


186 is slightly better. However, approximately 75% of the primary structure 


will probably be designed by stiffness requirements and, therefore, Х-2020 mater- 
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ial becomes the better material due to its larger modulus of elasticity and also 
lighter unit velght. Very little is known about the formability of Х-2020 mater- 
ial; however, it is believed to be comparable to 75ST or Т-86. Availability of 
the material in sheet, extrusions or forgings should be determined to comply with 
manufacturing schedules. However, it is the writer's understanding that this is 
no problem. The A3J aircraft uses a considerable amount of this material in its 
manufacture. 

The overall structural arrangement appears to lend itself to ease of manu- 
facture. The wing arrangement is multispar, leading edge, trailing edge 
with spoiler speed brakes, no ailerons nor flaps and a few chordwise ribs. The 
structural box carries across the center line of the airplane. The fuselage 
appears to be very similar in construction detail to the F-102/106. ‘They do not 
consider the use of structural doors and it is possible that a weight saving 
could be realized using structural doors at the expense of inspection and equip- 
ment removal time. The horizontal tail is an all movable surface with the 
actuator located forward. The vertical tail is an all movable surface with the 
actuator located aft. The wing tip pods which house two jet engine mounts to a 
pivot on the wing tip and is actuated by hydraulic cylinders for rotation from 
vertical to horizontal alignment. Тһе nacelle is 10264 in the horizontal position. 
Material used in the nacelle is basically T-86 and X-2020 material, except in the aft 
section where titanium is used because of high engine heat. The nacelle is designe 


ed to be rotated up to а speed of 1.33 x V,. Тһе present critical position from 


their analysis is 60° off horizontal. 
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The main lending gear is located further aft of the C.G. than on present 
tricycle arrangements. This results in higher nose wheel loads. The gears are 
to be designed to 12! per second ultimate sink speed іп the VTOL arrangement and 
В" per second ultimate sink speed in the STOL or conventional landing arrangement. 


The estimated forward speed in а conventional landing is approximately 222 knots. 


CONCLUSION 

The structural criteria and structural arrangement appear to be satisfactory. 
The Structural Design Groups have been requested to evaluate the weights of their | 
components and these veights will be included in the Weights Group comments. А 
comparison was made to F-104 aircraft weights and the structural veights of the 
Е-109 are comparable. It is suggested in finalizing the detail specification that 
a statement be added allowing a *- 2% weight tolerance in the event weight empty 
has to be guaranteed. Because of the limited time and information with which to 
work, it is recommended that a more detailed weights study be undertaken to define 
the structural veights of wing, fuselage, landing gears, nacelles and tail КЕЛЕР 
In order to do this, more information will have to be obtained from Bell Aircraft 
and it is the writer's understanding that a very complete loads report for the 
wing, body, tail, etc. will be available approximately March 15th. It is believed 
that with an immediate go-ahead, structural release could be started in approximate- | 


ly two months. 
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The XF-109 general arrangement of structure and systems for instal- 


lations and maintenance is in most сазев excellent. Areas of concern 


are: 


FORM 1815-АТ 


1. Hydraulic driven fuel pumps are located in fuel tanks with as- 
sociated hydraulic plumbing. (This is serious because of fuel 
contamination possibilities and difficulty in troubleshooting 
this type of system). 

2. The armament configuration as related to extension system, bay 
doors design and general cavity area design should be thoroughly 
studied by Convair so that knowledge gained in F-106 program can 
be utilized. 


3. The F-106 "B" ejection seat should be considered. 
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DEPT. 600 TOOLING COMMENTS 


Production programming on the Bell ХЕ-109 Prototypes is advanced 
to the stage that а reasonably sound evaluation of its potential as а 
production article could be made. Basic lines are released and master 
model work has commenced. А manufacturing breakdown has been negotiated 
and finalized by Tooling and Engineering. Preliminary planning is well 
undervay and factory layouts have been made. Tool Design drawings of 
major assembly tools are complete to the degree that rough structure can 
be started. 


A review of the materials slated for use on this airplane reveals 
nothing that should be a problem in manufacturing. The structure, for 
the most part, will be made up of 7075, 7178, or 2020 aluminum alloy. 
Although we have had no experience with 2020, a review of Alcoa litera- 
ture indicates that it will form, machine, and join equally ав vell ав 
7975. 


There 15 some titanium indicated Рог the Aft Fuselage Section апа 
some stainless steel indicated for the engine pods. However, we have had 
successful experience with both of these materials. 


There 18 some indication of a problem with regard to the necessity 
for extremely close alignment of the engine pods to insure the accuracy 
of the impingement of the center line of thrust of the four (4) pod engines. 
Further, there no doubt will be some problems due to the density of the air- 
frame and to the number of engines with the associated systems involved. 
Sealing of fuel tanks may pose some problems. 


In conclusion, it is our opinion that the ХЕ-109 and F-109 program 
would be well suited for our facility. The materials and construction of 
this aircraft are well within our current capabilities both in know-how 
and facilities; and 1% is felt that no formal manufacturing development 
programs would be required prior to production. Further, а review of the 
procedures of Bell's production departments reveals that they are very 
similar to Convair's, and would be compatible to our procedures should a 
joint program develop. 
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FLIGHT TEST PROGRAM 


The following Bell personnel met with Mr. Cheney to discuss Flight Test 
Program. 


4. А. Cannon, Manager, Military Sales and Flight Test 
А, Ч, Courtial, Chief of Flight Test 

V. Н. Ungerer, Chief of Flight Test Engineering 

Р. Н. Flint, Flight Test Planning 

Е. May, Project Manager, Model 2000 

F. J. Mambretti, Chief, Weapon System Section 

0. С. Wright, Project Manager, Model 2000 


The Р-102, Е-106, and proposed F-106C flight test programs were presented 
to give the Bell personnel our experience in accelerated development 
prograns for the Air Force. Messrs. Cannon and May then presented their 
version of an accelerated flight test program for the Р-109. This con- 
sisted of five prototype aircraft delivered about one per month followed 
by no aircraft for about nine months, then a production aircraft test 
program of five aircraft delivered three per month. During this dis- 
cussion it developed that an immediate objective was to organize an 
accelerated development flight test program for use with an overall 
manufacturing schedule for placing the F-109 into tactical operation. 


By pooling our knowledge a program was developed consisting of ten air- 
craft with limited engines and standard aircraft electronics, cockpit, 
and wiring, followed by twenty-three production version aircraft to 
confirm final design and provide nine aircraft for Category II testing. 
The proposed program is attached. This program is basically similar to 
the Ғ-106А program aircraft assignments except for two additional for 
stability and control and four additional for electronics and fire control. 
Delivery dates of one per month were recommended from the second through 
the seventeenth aircraft. For the eleventh through seventeenth a 
modification period of from three month to one month is provided for 
incorporating final preduction configuration and systems. This follows 
the concept outlined in the flight test recommended for the F=106C 
Program. The date for delivery of fifteen aircraft per month for the 
Е-109 із programmed for three years and one month following the initial 
flight of the first prototype. Тһе comparative period on the F-106A 15 
tuo years and seven months. The proposed Р-109 program provides more 
lead time of Category I testing to production build-up than exists for 
our current F-106 Program. 


This program was to be used by Bell personnel as part of a presentation 
at the Pentagon on Monday, 16 February, to support the production build- 
up possibilities for the F-109 to Wing Strength by 1964. 
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The above program was made with no consultation with the other Convair 

| engineers. Ав soon аз practical the details that they learned during 

| their discussion should be coordinated with this proposed program to 

| determine possible improvements. A brief description of the test stands 

| planned by Bell vas obtained. This indicated that their test stands 

| vere primarily aimed at the development of the prototype configuration 
and did not provide for similar tests of the tactical production systems. 

| An entirely neu static test stend program should be developed using 

| Convair's experience from the Model 8. Two major pre-flight tests not 
included were the full scale tests of engine inlet characteristics and 
air conditioning system for cockpit and electronic cooling. The system 
tests currently planned by Bell are presented in the attached table. 


The flight test of the X-13 and Х-14 have been extremely meager. They 
primarily only confirmed that the concept of vertical takeoff with jeta 
is feasible. Practically no instrumentation was used. 


The existing flight test organization at Bell Aircraft is relatively 
small. Under Mr. Ungerer, Chief of Flight Test Engineering, are six 
Flight Test Engineers.of the planning-operationel-analysis type and 

four instrumentation engineers of operational type. Іп the Flight Test 
Operational Group there are seven pilots and four engineers of the 
flight engineer-crew equipment type. These personnel have background in 
tests of the Хеј, X-2, and X-5, plus utilization during Rascal missile 
teste of the following aircraft: Е-80, Е-89, В-17, B-36, B-47, and B-50. 
For operations а% Edwards on the "X" aircraft they have utilized groups 
of fifty to sixty personnel. For operation at Holloman on the Rascal 
missile they have used a group of 200 to 300 personnel. Some of their 
experienced flight test personnel are currently being utilized by other 
groups in the Bell Engineering Department. 


Action which should occur to further develop a flight test program are: 


1) Review of the proposed flight test program by planning personnel of 
Engineering Flight Test 


2) Review of proposed flight test program by other engineering sections. 
3) Development of a Convair proposed program for static and systems 


tests which should precede and be coordinated with the flight test 
program, 
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INTRODUCTION 


This study shows the changes required to revise the basic Е-102А 
armament from six Falcon missiles and (36) 2.00" rockets to four Falcon 
missiles and one МВ-1 rocket. 


The study is based upon a change that would be scheduled into the pro- 
duction line, however, it is entirely feasible to incorporate a similar design 
опа retrofit 5asis that could be accomplished in the re-cycling program. 


Convair has installed ап ME-1 ejection system in the center bay 
of an Е-102А test airplane. Ground феса? this configuration have been 
completed using a simulated М я eie ht to check out the ejection mech- 
anism. This airplane is now at Holloman Air Force Base for flight evalua- 
tion. In these tests, inert ME-1 weapons will be used to check Ше pre- 
dicted trajectory during ejection at various speeds and altitudes.* Firing 
of live М2-1 weapons with dummy warheads will follow. 


Since the intent of these tests is to evaluate the ejection system for 
the МВ-1 installation in the F-102A airplane, it will minimize the amount 
of additional testing required for the production airplanes. 


* These tests are tentatively scheduled to start during the second week 
in M^y, 1956. 
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SUMMARY 


Conversion of the F-102A airplanes to carry one МБ-1 rocket and 
four Falcon missiles can be accomplished with minor changes to the 
Structure and revisions to the armament and related systems. 


The existing four Falcon missiles and ther displacing gear in the 
outboard missile bays will be unchanged. 


Rockets and their provisions will be removed from the missile bay 
doors. The center missile bay doors will be made shorter and revised 
to accommodate Ше МОЕ] rocket. The forward end of the center missile 
рау will be faired over creating a compartment for future equipment growth. 


То minimize changes to the pneumatic and electrical systems, it is 
assumed that all doors will be opened during each armament cycle. (Further 
studies may prove the desirability of opening the bays individually to 
accommodate the particular armament selected. In this case, the outboard 
"flipper" coors must be sequenced to open simultaneously with the center 
bay doors in order to relieve pressure in the outooard bays. This would 
cause additional complications to the pneumatic and electrical systems. ) 


With the proposed armament load, the airplane gross weight will 
be 150 pounds less than the present tactical airplane. There will be a 
clight aft C. G. shift which will remain within acceptable limita. 


The change in gross weight and the C.G. shift will have a negligible 
effect on performance. 
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DISC USSION 


The following changes must be made to provide for one МВ-1 rocket 
in the F-102A airplane while retaining four Falcon missiles and removing 
provisions for (36) 2.00" rockets: 

А. General (Ref. Dwg. 5р -56 -08030) 


1. Replace (2) center Falcons with (1) MB-1 rocket. 


2. Remove provisions for (36) 2.00" rockets. 
3. Add shorter center bay doors. 
4. Fair over forward end of center bay and provide access 


into this compartment. 
5. Revise structure to provide for ejection loads. 


5. Revise pneumatic, electronic and electrical systems 
to accommodate the above changes 


B. Armament Group 


1. Remove (2) Falcon missile; displacing gear from center 
missile bay. 


2. Rerore provisions for rockets. (The existing outboard 
doors may be retained by removing rocket tubes and 
blast pans. ) 


3. Add ejection mechanism and provisions for (1) MB-1 rocket 
in the center missile bay. 


4, Add shorter center bay doors to accommodate the МВ-1 rocket. 
5. Modify the missile bay beams to accommodate relocation. 


of center door actuators and removal of trunnion supports 
for the center missiles. 
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С. Fuselage Group 

1. Revise structure to provide for ejection loads of the МВ-1 rocket. 
The following frames are effected: Stations 310. 25, 323. 39, 
329.62, 349.75, 370.75 and 377.75. 

2. Add structure at forward епа of center missile bay between 
stations 217 and 273. Add partition between missile bay beams 
at station 273. Provide access door into this compartment and 
provide for marker beacon antenna in this area. 

D. Mechanism Group 


LP Revise center bay door actuator installation to provide 
for shorter center bay doors. 


Е. Pneumatic Group 


1. Remove two center missile displacement gear actuators and 
revise pneumatic system accordingly. 


2. Revise pneumatic system to provide for revision of door 
actuators on shorter center bay door. 


3. Relocate (4) air flasks to center bay compartment. 
1 Noté: Assume all six doors will operate simultaneously. 
F. Electronics Group 


1. Remove provisions for two center missiles and (36) 2. 00" 
rockets. 


2. | Add provisions for (1) MB-1 rocket. 
8. Add rocket umbllical plug for the МВ-1. 


4. Remove approximately (21) units and (1) rack from the 
MG-10 system 


5. Add (7) units and (1) rack to the MG-10 system. 
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8. Relocate marker beacon antenna from center bay door 
to forward end of bay. 


Electrical Group 
Delete rocket wiring and provisions. 
Delete harnesses and provisions for two center Falcon missiles. 
Provide harnesses and provisions for one MB-1 rocket. 


Revise armament control panel in cockpit. 


Revise miscellaneous harnesses, junction boxes, relay boxes, 
switches and circuit breakers to accommodate above changes. 


Controls Group 


1, Revise elevon control cable and relocate turnbuckles in 
center missile bay. 


See the following pages for weight summary, C. G. envelope and a drawing 
of the proposed installation. 
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WEJGHT SUMMARY 
F-102A AIRPLANE WITH (1) МЗ-1 & (4) FALCONS 
Wing Group Ч 8,012 
Тай Group 421 
Body Group 3,520 
Alighting Gear Group 1,045 
Surface Controls Group 440 


Engine Section 39 


Propulsion Group (8,441) 
Engine Installation 9,015 
Air Induction System 124 
Exhaust System 183 
Cooling System 17 
Lubricating System 27 
Fuel System 417 
Engine Controls 21 
Starting System 97 

Fixed Equipment Group (4,090) 
Instruments and Navigational Equipment Group 143 
Hydraulic and Pneumatic Group 319 
Electrical Group 575 
Electronics Group 2,165 


Armament Group 405 


Furnishings and Equipment Group 209 
Air Conditioning and Anti-Icing Group 224 
Auxiliary Gear Group 52 
WEIGHT EMPTY 19,014 
USEFUL LOAD (8,720) 
Pilot, Survival Kit and Parachute 248 
Fuel - Unusable (JP-4) 23.7 Gallons 154 
Fuel - Usable (JP-4) 1,050 Gallons 6,825 
ОП - Trapped and engine 46 
МБ-1 Rocket (1) 791 
Falcon Missile GAR 1-A and/or 1-С (4) 508 
Missile Launchers 44) 148 
NORMAL TAKE-OFF GRCSS WEIGHT 21, 7134 


Ғ-102А Сговв Мейс ht 15 21 к. lbs. baged on current status of weight and‏ سو 


dated 1 Feb. 1956. 
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INTRODUCTION: 


This report is a brief resume of the status of the F-102C and 
F-102D versions of the F-102A to даје. A requirement for 
these versions is indicated in Reference (1). 


Тһе Ғ-102С is identified with an armament load of (1) Ding 
Dong plus (2) Falcons and the F-102D is identified with (2) 
Ding Dongs and (40) 2" rockets. 


The feasibility of, and a basis for further engineering effort 
for, the F-102C and F-102D projects depends largely upon the 
outcome of the firing tests scheduled for the dummy F-102A 
fuselage and test airplanes 1781 (fixed pylon Ding Dong mount), 
1797 (Ding Dong extension launching system), and 1806 (Ding 
Dong ejection launching system). 


SUMMARY: 


The major findings noted to date are: 


A. Fuselage ballast would be required with either the 
F-102C ог Е-1020. 


В. The maximum take-off weight thus far studied (28,336 Ib. 
for the F-102D) would not appreciably affect performance. 


C. Revisions to Ше MG-10 electronic system for the Ding 
Dongs and I. R. Falcons, if used, would not change the 
volume requirements or weight of the airplane to any 
extent. 
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GENERAL: 


The studies of SD-55-08057 and 08058 show a few suggested arma- 
ment arrangements for the F-102C and D. The launching methods shown 
for the Ding Dong missile are basically the same as being incorporated 
in the experimental airplanes 1797 (extension and 1806 (ejection). Study 
2 of SD-55-08057 and Study 3 of SD-55-08058 would appear to constitute 
minimum changes to the present F-102A missile bay configuration. An 
alternate launching method which combines extension and ejection is 
shown on SD-55-08058. 


The Falcon missiles may be launched by the displacing gear 
presently used on the F-102A or by a lighter ejection system now being 
considered. The ejection system would require ballast in addition to 
that shown below. 


WEIGHTS: 


Two preliminary weight studies of typical arrangements are tab- 
ulated below. Corresponding c.g. curves are shown on following pages. 


F-102C F-102 D 
Armament (1) Ding Dong (2) Ding Dongs 
(2) Falcons (40) 2" Rockets 
Location D. D. , Center Bay АН. D. D. , Side Bay АН. 
-Falcons, Outb'd. Куд. -Rockets, Short 
missile bay doors 
T. O. Weight, Lbs. 27,332 28,336 
ВаПаві, 1.58. 527 0 Station 200 642 @ Station 200 


It should be noted that increases іп Ше weight of electronic equipment 
will be reflected in a decrease in ballast and, conversely, that decreases in 
electronic equipment would increase ballast. Thus, changes in electronics 
would not appreciably affect the take-off weight of the airplane. 
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ELECTRONICS: 


The revisions to the MG-10 electronic system for the F-102C 
and D will be principally involved with missile auxiliaries. 


The anticipated effect on weights is noted above and no space 
problems are expected due to electronic changes. 


RECOMMENDATIONS: 


Based on this preliminary analysis of the problems involved 
in the F-102C and D configurations, it is recommended that further 
study be undertaken as follows: 


1. Define electronic components for each armament 
arrangement as accurately as possible. 


2, Determine how ballast may be installed in fuse - 
lage and its effects on the structure. 


3. Consider, insofar as possible, the detail structural 
changes and mechanisms required to install the 
F-102C and D armament. This would, of course, 
involve alternate studies until a preferred method 
of launching the missiles is found. 


4. Check for any requirements peculiar to the arrange- 
ment involved which may alter any of the airplane's 
systems or equipment beyond electronics. 


5. Consider rearrangement of any fixed weight items 
which may reduce ballast. 


6. Revise weights. 


Ч. Estimate effects of armament configurations оп 
dynamics of the airplane. 


REFERENCES 


1. Memo, R. P. White to W. W. Fox, 
Trip Report - Meeting held at ARDC 
in Baltimore, Md., on 22 June, 1955. 
Dated 24 June, 1955. 


2. Drawing No. 8-05072, Studies - 


Ding Dong Installations 
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INTRODUCTION 


This preliminary study of the installation of the GAR-X missile 
in the F-106A airplane has been prepared at the request of the 
Air Force. 


The existing F-106A airplane is armed with one MB-1 rocket and 
four Falcon missiles. This study is based upon replacing the МВ-1 
with the GAR-X missile and retaining the four Falcons. It also assumes 
that the GAR-X will be displaced by an ejection system similar to the 
existing MB-1 method, which has shown satisfactory results in Convair 
tests to date. Other methods of displacing the GAR-X would have to be 
studied at a later date if certain limitations on the weapon preclude the 
use of an ejection system. 


Since the anticipated operational date for the GAR-X is 1959 ít 
would be compatible with the F-106A production schedule; however, 
it would be desirable to incorporate the required changes into the 
production line as soon as possible to minimize the quantity of airplanes 
that will have to be modified in a re-cycling program. The nature of 
the required changes make it a more difficult job to accomplish on a 
retrofit basis. 


It is suggested that consideration be given to a load of (1) GAR-X 
and (2) Falcons for the retrofit airplanes only. This would greatly 
reduce the cost of modification on the airplanes that will have been 
completed before the "one-plus four" can be incorporated into Ше 
production line. It would also insure early delivery of tactical airplanes 
to Air Force units completely equipped to carry the GAR-X weapon 
and two Falcon missiles. 


Operations Analysis studies show that the possible armament 
combinations are in the following order of preference: 


1. One GAR-X + four Falcons (2 Radar and 2 L R.) 
2. Опе GAR-X + two Falcons (either radar or I. R.) 
3. Two GAR-X + no Falcons 


The weight and balance information in this report is based on the 
1 + 4 version only. 
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Conversion of the F-106A airplane to carry Ше GAR-X weapon 
can be accomplished on a retrofit basis with minor modifications if 
the change is based on a load of one GAR-X and two Falcon missiles. 
This change would be confined to the area of the ejection rack only. 


For the production airplanes (or in a retrofit program) a more 
extensive modification will be required to provide for one GAR-X and 
four Falcons. 


The existing forward Falcon displacement gear must be removed 
due to the length of the GAR-X. This gear will be replaced with two 
individual units to provicie for the forward Falcons. In addition, the 
air conditioning ducts and harnesses must be relocated in the forward 
missile bay area. Fuselage ctructure must be modified to accommodate 
relocated trunnion points, actuators, etc. in addition to the modified 
ejection mechanism required by the GAR-XY These modifications will 
be very similar to those now being designed for the F-106B (Tandem) 
with the exception of the electronics rack in the forward missile bay. 


There will be no change required on the missile bay doors or 
operating mechanism. 


Minor revisions will be required on the MA-1 fire control. system 
to provide for the change from the MB-1 rocket to the GAR-X missile. 
It 18 estimated that these changes will be confined to the missile 
auxiliaries and associated circuitry only. Approximately two units 
will be removed and replaced with four. 


There will be no performance degradation on the F-106A airplane 
when installing the GAR-X missile due to the basic Convair concept 
of carrying all armament internally. 


For the 1 + 4 version there will be a slight weight reduction and 
the C.G. travel will remain within acceptable limits. 


NALYSIS hee 
A C O м V A ЕВ REPORT но ZP -8 -043 


PREPARED BY ادا‎ eo DCN frc и 
CHECKED BY SAN DIEGO MODEL 
REVISED BY pate 20 July 1956 


DISCUSSION 


The following brief description of the installation of the GAR-X 
missile in the F-106A airplane is based upon replacing the existing 
MB-1 rocket with the GAR-X while retaining the four Falcon missiles. 
Only the ejection system for displacing the GAR-X has been considered 
in this study. 


Further studies must be made to determine the precise detail 
changes required. Тһе following is a general description only. 
(Reference drawing SD-56 -08053). 


1. Remove the existing Falcon missile displacing gear from the 
forward missile bay. 


2. Remove the single actuator for the forward missile gear. 


3. Remove the trunnion support structure in the forward missile 
bay. 


4. Install separate displacement gear with individual actuators 
for the two forward Falcons. (use the Tandem F-106B gear 
if possible). 


9. Provide trunnion support structure for the new missile gear 
in the forward bay. 


6. Revise structure to accommodate the two actuators of the 
forward Falcon gear. 


7. Relocate air conditioning ducts and electrical harnesses to the 
center area of the forward missile bay (similar to the Е-1068). 


8. Redesign the rudder cable pulley bracket at station 280. 


9. Ве-гоше the throttle teleflex control between sta 280 and 316 
to clear the new Falcon gear actuator. 
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10. Remove the МВ-1 ejection mechanism and modify structure 
accordingly. 


1. Provide new ejection mechanism for the GAR-X. (Note:- 
the ejection points „for GAR-X are not compatible with MB-1). 


12. Revise structure to provide for the relocated ejection mechanism 
and associated ejection loads, 


13. Revise the pneumatic system to provide for the two new forward 
Falcon gear actuators and the revised ejection mechanism for 
the САН-Х. 


14. Revise the МА -1 fire control system to ргоу1де:Лог the GAR-X 
in lieu of the MB-1. Preliminary estimates indicate that two 
units in the missile auxiliary system will be replaced with four 
units. 


15. Provide miscellaneous changes in the electrical system to 
accommodate the GAR-X missile. 


See the following pages for the weight summary, C. G. curve, and 
drawing of the гргоровед installation. 
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Useful Load 
Pilot, Survival Kit, and Parachute 
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Fuel ~ Usable  (JP-¿) 1249 Gale. 


01] ~ Trapped and Enrine 
МВ-1 Туре Rocket 

GAR-X Weapon 

Ejector Cartridge 
GAR-3/-4 Missile (2) 
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Introduction: 


This study has been made at the request of the Air Force to determine 
the penalties involved when installing the longer 4-75 engine іп the F-102B 
airplane. 


It is not recommended that the long afterburner be incorporated into 
the F-102B since the performance penalties and design changes coupled with 
the obvious increased costs and schedule slippages do not warrant the change. 


Discussion : 
The effect on the airplane is as follows: 


1. Physical Changes ~ (Ref, Dwg. 80-55-08074). Since it is not 
possible to move the engine forward due to the location of the 
maln landing gear bulkhead, &ll the changes are confined to 
that portion of the fuselage from Station 630 aft. 


The engine shroud is increased 20.65 inches in length. 


The end of the tail cone is moved aft а corresponding 20.65 
inches. 


It is not possible to "straight line" the tail cone from the 
canted bulkhead to the new aft end because the engine shroud 
clearance must be maintained. Hence, new rear end lines must 
be faired from Station 630 to the aft end. 


The increased diameter of the lines at the speed brake inter- 
section cuts area from the lower portion of the speed brakes. 
This area must be replaced near the aft end of the speed brakes 
causing the center of pressure to move aft with an increase in 
actuator loads. 


With the teil cone moved aft 20.65 inches, the airplane touch- 
down angle ie decreased one degree. (From 179 - 30! to 169 -301.) 
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М В в Cha (Ref, Dwg. 50-55-08074). The long 
afterburner adds 144 pounds to the airplane weight empty and 
is distributed as follows: 


Power Plant Group 


Engine +75 lbs. 

Shroud +33 lbs. 
Fuselage Group 

Tail Cone +31 158. 

Speed brakes + 5 lbs» 
Total Weight Empty +144 lbs. 


This causes ап aft С, С. shift of .66% M.A.C. 


To maintain the balance within limits, an additional 207 
pounds of ballast must be added for a total gross weight 
increase of 351 pounds. 


To eliminate the ballast, the wing would have to shift aft 
3 to 4 inches. This would cause extensive changes to the 
airplane which are not outlined in this report due to the 
limited time available. 


A detail analysis of the effect of moving the wing would 
have to be the subject of a future study. 


Performance Penalties - The loss of one degree of touch- 
down angle due to the longer tail cone would increase the 


landing and take-off speed 5 knots. 


No change in high speed performance is caused by the ех- 
tended tail cone lines. 


The 351 pounds increase in gross weight will decrease the 
subsonic and supersonic ceiling 260 feet. 


This increased gross weight will also decrease the combat 
radius by 7 nautical miles. 
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-НМЕрдееннеа-- 


Ғ102В RECONNAISSANCE AIRPLANE 
NTRODUC TION 


This report presents some brief exploratory studies of Reconnaissance 
versions of the USAF F102 Interceptor, now in production, The purpose of 
the report is twofold. It is to invite the attention of Air Force personnel 

to the performance of the F102 when equipped as a reconnaissance airplane, 

and to provide a basis for discussions to develop the most suitable reconnaissance 
arrangements. 


The F102 Program includes a plan of continuing development, F102A 
airplanes are presently in production, The F102B production will follow. 

This type will incorporate more effective electronic fire control equipment 
and armament and will have a more powerful engine. Its performance will be 
greatly advanced, 


The first flight of the Ғ102В series is scheduled for December 1956, 
The production build up of Е1028 airplanes vill start in August of 1958. 


If reconnaissance вігрізпев are desired on an earlier schedule, the 
installations shown herein can be made in the F102A type airplanes. Тһе range 
of the FlO2A and FlO2B is the same, the superior performance of the F102B 

in other respects is the principle difference between the two. Тһе performance 
of the F102A was shown in Convair Report No, 2Р-8-007 


The report is in two sections. The first consists of Descriptions and 
Drawings of various reconnaissance versions of the F102B, The second section 
shows the Performance of the Day Photographic Reconnaissance version of the 


airplane, 


It is believed that the photo reconnaissance versions of the #1028 
airplane studied herein will provide a means of attaining the normal photo= 
graphic reconnaissance objectives; operational intelligence, strike assess- 
ment, terrain intelligence and technical intelligence. The radar reconnaissance 
version will permit attaining these same objectives during weather when tho 

use of photographic equipment is not feasible. Operational and technical 
information concerning enemy defenses will be obtained by the ferret version 

of the airplane. A synoptic weather version will assist in obtaining weather 


data. 


The fuselage structure varies between several of the equipment installations, 
Actually the percentage change in fuselage structure between them is quite 
small though at first glance it may appear as if a new fuselage has been used. 
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GENERAL ARRANGEMENT 


The F102 Intercepter is an all weather supersonic fighter designed 
to destroy enemy bembers, Its eenversicn tr a reconnaissance airplane 
is easy due te the favorable location cf еівейгеліс fire erntrel equipment 
and armament. Drawing 5D55-08071 shows the General Arrangement ef the 
Reernnaissance #1028. The nese shape ahead сЕ the crekpit is enly slightly 
different frem that cf the Е102В Intereeptor, Otherwise the external 
dimensions are the same, 


FUSELAGE SPACE DIAGRAM 


Drawing 5055-08084 is а fuselage space diagram of the F102B, The 
ero88-hatehed areas indicate the spaces cecupied in the Intereeptor by 
electronics equipment and armament, Іп the Reecnnaissance versions сЕ the 
airplane these spares are available fer the installation nf cameras and 
ether reconnaissance equipment rr fuel. 


The cameras described in the following pages and shown сп the installa- 
tien drawings are "off the shelf" equipment. This equipment was used 
principally te shew the space available. Іп almost every instance there 
is being developed an equivalent piece of equipment both lighter and better 
suited to the purpose. In additicn, the new equipment is being designed 
t^ facilitate picture ecrrelaticn. This is being dene by printing correla- 
tien data either in the corner or on the edge of the picture. 


New camera equipment being develcped is being dene сп а system 
basis ве that the camera contral system is very much simplified over most 
of those псн in use, 


Gonvair has геавспа е assurance that the camera ecmbinations shew 
ог any cther combinatia of equivalent sizes and пе mere numercus can be 
developed inte an integrated cperaticnal system f^r installations by 1958, 


е 


DAY PHOTO RECONNAISSANCE INSTALLAT TON 


~ 


Two arrangements cf the cameras in the Day Photographie version of the 
airplane are shown on drawing SD-55-08064. Ја the arrangement сп the right, 
there are three camera groups and а T.V. viewfinder. 
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DAY PHOTO RECONNAISSANCE INSTALLATION (cont. ) 


The first group consists сЕ three 6" focal length cameras at stations 
1 and 2 in a ігі eamera arrangement, Three КА-8 cameras used іп this group 
will provide 542 nautical miles of stereo coverage each, when photos are 

taken at 10,000 feet altitude, Тһе seale will ђе 1:20000 оп а 9 x 9 format, 
The cycle rate of 6 cycles per second is ample for taking overlapping (60%) 
pictures down to 500' altitude, 


The second group consisting of фис K-38 cameras is in a split vertical 
arrangement, With 24 inch foeal length lenses, a scale cf 1:20000 will be 
obtained at 40,000 feet altitude... Using standard А-8 magazines each 
camera will permit 256 nautical miles cf stereo eoverage. Тһе cycle time 
of 1-1/2 seconds is adequate for taking overlapping pictures down to 

14,000 feet at the maximum speed of the airplane. 


At Station 5 is а K-38 camera with а 36" Роса! length lens. This 
camera ean be used for more detail ог for area coverage at very high 
altitudes, say above 50,000 feet altitude. At 50,000 feet, the scale чоша 
be better than 1:20,000, With а standard А-8 magazine, (260 exposures) 

it will be possible to get 214 nautical miles of stereo coverage at 50,000 
feet with this camera. 


Total stereo coverage for the three camera groups is over 1000 nautical 
miles. It is 800 nautieal miles with the two forward camera groups. 


The television viewfinder at Staticn "О" permits the pilot to align 
the cameras over a specific target or put the airplane on a given track. 


As indicated сп the drawing, other cameras may be used instead of those 
described above, 


In this and all ether arrangements of reconnaissance equipment studied 
a common set of communieaticns, navigaticn and landing equipment has been 
used. The items included are: 


Communicatirn Set АЙ /ARC=34 
Heming adapter AN/ARA=25 
Radic Navigator Set (Тасап) АМ/АВМ-21 
I.L.S, Glide Slope and 

Localizer Receiver AN/ARN=31 
IFF Transpender АМ/АРХ-6 
Air Data Computer 
Inertial Navigation System 
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DAY PHOTO REGONNAISSANCE (eent.) 


There are several air data computers available, However, it is expected 
that seme alterations tc any of them will be required depending on the 
particular reconnaissance equipment finally chosen for installation. 


The inertial navigation system will prohably be one of three пом being 
developed. 


The alternate installation on the left of the drawing sheus a short 
focal length stabilized vertical camera at station 1. Тһе tri-camera in- 
Stallation is at staticns 2 and 3, Station 4 has a KAe2 or а Kl7e 12" lens 
camera jn a fixed vertical mcunt, Staticn 5 is the same ав in the installa- 
tion described абстео 


This alternate arrangement will give the same lineal coverage but 
1:20,000 Seale pictures will be available from 20,000 feet altitude instead 
of from 40,000 feet. Іп addition, a stabilized short, focal length 
vertieal as vell as а stabilized long foeal length vertical camera is provided. 


STRIKE AND BCMB DAMAGE ASSESS ST ON 


The arrangement of cameras on drawing $055-08067, for Bomb Damage 
Assessment із the ваше as that fcr Day Photo Reconnaissance with two 
excepticns, Тһе tri-camera group of 6 inch KA-8 cameras is replaced by а 
single forward obique К-38 сашега and the split vertical group is replaced 
by a set of two K-38 cameras meunted so that pictures сап be taken to the 
sido, 


The forward looking сашега is fitted with а 36 inch lens. The two 
K-38 cameras 1сокіпе to the side have 24”lenses. They are arranged во 
that if both are trained to the same side their images will overlap. Their 
| field cf view extends from almost vertical nearly out to the horizon, 
Thus anything that ean be seen visually to the side will come into the 
camera's view. 


Flying at 20,000 feet will produce a picture with a minimum scale 
ef 1:10,000 in this side leoking group. The lineal coverage available 
| with the standard А-8 magazine is 128 miles, 


Ап arrangement of equipment for night reconnaissance is shown on Draw» 
ing 5055-08082. Forward cf the cockpit are а Trip Control Unit and Flash 
detecter and two camera groups. The first camera is a vertical K-43 with a 
6 inch focal length lens, Immediately aft of it are two K-43 cameras with 

| 6 іп, lenses іп а split vertieal arrangement. 
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NIGHT PHOTO REGONNAISSANGE INSTALLATION (cent, ) 


Aft of the cockpit is a stabilized vertical K-47 camera with a 24 inch 
lens, Aft of this camera in an armament bay are mounted eight М-120 Photo 
Flash Bembs оп а retractible rack and 260 rounds of M112 eartridges in fixed 
racks, 


The single vertical K-43 camera can be used with either the flash 
bombs at intermediate altitudes cr the flash cartridges in the higher part 
of the lew altitude range. 


At extremely low altitudes the split vertical K-43 cameras would give 
more width eoverago, 


At 3000 feet altitude the single Ke43 camera in conjunction with the 
260 flash cartridges ean obtain a charted strip 38.5 nautical miles by 
237 n, miles wide. With a flash projector sueh as the Edgerton Electronic 
type even mere linear coverage would be available, 


Using the K-47 camera in conjunction with the M120 Photo Flash Bombs, 
pictures with a scale of 10,000 are obtained at 20,000 feet altitude, 


This arrangement of cameras gives eonsiderable flexibility in the 
altitude at which night photography may be accemplished, 


Ihe Ferret system is shown оп Drawing SD 55-08083, It consists of a 
group of ferward antennae, a group of aft antennae and corresponding 
groups of airborne detecting, analyzing and recording equipment. The 
forward antennae аге in the nose radome and aft of them are the electronic 
units that they serve. Aft of the cockpit are the second set of electronic 
components and immediately aft of them in the under side of the fuselage 
are the aft antennae. The Communication, Navigation and Landing equipment 
are above the aft ferret electronic components in the same position they 
occupy in the Photographie Reeonnaissance versions of the airplane. 


The ferret system ebtains data for both operational and technieal 
intelligence uses. The whole system includes а Greund Installed 
Reconnaissance Data Handling System in addition to the airborne systems 
menticned above. These systems are being developed by Melpar, Incorporated 
of Alexandria, Vao 
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The Electromagnetic Reconnaissance System provides the function of 
detecting and analyzing repetitive puloe-type electro-magnetic radiations. 
The antenna units located in the nose radome and the bay aft of the aft 
electronics compartment intercept essentially all pulse-type electromagnetic 
radiation whieh illuminates the aircraft іп tuo 120 degree sectors centered 
abeam the aircraft from the horizontal to 45 degrees below the horizontal. 
These antennas, in conjunction with the analyzer and programmer units 
located in the forward and aft electronics compartments, provide the 
analysis of frequency and direction of the inter cepted signal. 


The frequency of received signals is determined instantaneously with 
a resolution of Z 5 percent in the range of 30 to 40,000 magacyeles, The 
Electromagnetic Reconnaissance System, in conjunction with the Ground 
Рафа Handling system is capable of determining the location of enemy radars 
on any frequency from 60 to 31,500 magacycles. 


The analysis of frequeney and direction provides the following parameters 
which are recorded in digital form on magnetie tape: frequeney, direction, 
pulse width, pulse-repetition frequency, and time of intercept. In addition, 
a video recordor located in the aft electronics compartment provides a 
photograph of a video pulse presentation of the intercepted signal, The 
Electromagnetie Reconnaissance System is capable of recording 70,000 such 
intercepts per mission. The airborne intercept analysis and recording 
of one signal is automatically accomplished in 0.1 second or lesa. 


The Electromagnetio Reconnaissance System is designed as nearly ав 
possible to have an equal probability of intercepting the various type 
trangmissions such as search and tracking signals. System philosophy and 
reliability considerations are based on the following in their order of 
importanees 


(1) Detection (frequency determination) 
(2) Function of intercepted signal 
(3) Coverage (location of source) 


Although the loeation of the signal source is last in the order of 
importance, most radars сап be located within a circle of equal probability 
having а radius of 20 miles or 20 percent of the range, whichever is the 
greater, provided sufficient intercepts are made, 


At the time of each analysis of frequeney and direction, the Recording 
System records navigational and atmospheric data dong with the common 
olement, time, 


In the post flight phase of в mission, the Ground-Installed Reconnaissance 
Data-Handling System, a wholly autountic system, uses the common factor, time, 
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to correlate the Electromagnetic Reconnnisconee System data with the 
Recording System data, The data is reduced to graphie and printed forms 
suitable fer human analysis, Іп this ground system, approximately 80 
pereent of the ultimate attainable data from a ferret reconnaissance 
mission can be obtained in about three hours time. 


For the equipment arrangement in this installation refer to Drawing 
Хо, 850-55-08085 о 


The high resolution reconnaissance APS-60 (XA-2) radar receiver-trans- 
mitter unit and antenna are mounted in the nese radomo, Тһе remainder 
of the AN/APS-60 (XA-2) radar units, with the exception of the pilot's 
radar indicator, are located in the compartment directly behind the radome, 
Ап auxiliary indicator and its associated gamera for obtaining a permanent 
record of the reconnaissance data observed on the pilot's indicator is 
shown in the aft electronics eompartment, 


Also in the aft electronies compartment is shown the space which is 
available for mounting the "black boxes" of an AN/APQ-56 sidelooking 
reconnaissance radar and its associated recording equipment. The АМ/АР--56 
antenna loeation is shown in the ermpartment aft of the aft electronics 
compartment in the bottom of the fuselage. The bottom ef the fuselage is 
mado of radome type materials replacing the armament bay doors of the 
interceptor o 


The AN/APS-60 (SARTACK) radar is being developed by Convair, San Diego, 
under the direction of the Aerial Reconnaissance Laboratory of the Wright 
Air Development Center. 


This radar has been designed for all-weather around-the-clock detection 
of both moving and fixed greund targets. Low and medium altitude surveillance 
of interdiction targets by a tactical aircraft, using this high resoluticn 
radar, supplies an important new reconnaissance capability. 


Тһе AN/APS-60 radar is а 60 ہا‎ peak power output К ~ band radar which 
operates in the frequency band of 16,500 2 200 шевасус185 рег second, 
This radar, utilizing a roll, pitch, and yay stabilized assembly which 
combines the receiver-transmitter and antenna, is estimated to be capable 
of the following performance at altitudes of 20,000 to 30,000 feet: 


40 to 50 miles 


Land Mapping 


Seattered Targets (Isolated) 100 miles | 
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Г INSTALLATION (tonte) 
Cities 125 niles 


Large Cities 150 miles 


Highway Traffic . 
(Airborne Moving Target Indication) 20 miles 


The AN/APQ-56 side-looking reconnaissance radar, developed by 
Westinghouse, is utilized in this study to provide a radar system 
capable of obtaining a maximum amount of high definition radar information 
during a radar reconnaissance mission. The AN/APQ-56 is capable of 
obtaining this information аб night or other times when the earth may 
be obscured by smoke, haze, clouds, or other similar atmospheric conditions, 


Ihis radar operating at 30 Ky peak power output in the К frequency 
band useo back-to-back antenna arfays approximately ten feet in length, 
The radar provides ground strip mapping up to approximately 45,000 feet 
in altitudo with а coverage of 10 to 20 miles on either side of the aircraft. 


The AN/APQ-56 radar mapping information 18 recorded on film for 
analysis at ground stations. 


The combination of the AN/APS-60 and AN/APQ-56 radars should provide 
excellent radar reeonnaissanco coverages 


SYNOPTIG WEATHER REGONNATSSANGE INSTALLATION 


For the equipment arrangement used in this installation, refer to 
Drawing Мс. 50-55-08070. 


Antenna assemblies of the AN/APS-42A Weather Radar and a Cloud Ваве 
and Top Radar (СВЕТ) are located in the позе rademe of the aircraft. Other 
"black boxes" of these radars are located in the forward electronics сошрагб- 
mont, the aft electronics compartment, and in the belly compartment aft of 
the aft electronics compartment, Ап APS-42A indicator is located in the 
cockpit to provide visual flight information to the pilot. А recording 
system consisting of a strip recorder, а power supply, and an alr data 
recorder are 10685е4 in the aft electronics ecmpartment,- Spaee provisions 
have been retained in this compartment fer installation of equipment for 
transmission nf radar weather data back to the home base during flight 
when this equipment becomes available. Space provisions have also been 
set aside in the compartment aft of the aft electronics compartment for 
installation of receiving equipment, radiosonde type transmitter packages, 
and radiaticn level measuring equipment. 
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SYNOPTIG WEATHER REGONNAISCANUE INSTALLATIsN (cent. ) 


ть 


The AN/APS=42A Weather Radar, produced by Bendix, is ап X-band radar 
which operates at a minimum peak power output of 40 Ко The radar is 
used in this installation primarily for the locaticn ^f light and heavy 
areas of turbulence within storms сг cloud formations, The radar also 
provides a grcund search funetion which is useful as a navigational aid. 


The Gloud Base and Top Radar is used in this installation to obtain 
cloud density information abovo and below the aireraft flight path. The 
general dimensions and configurations of the radar components shown aro 
Convair's best estimate. Convair found по сстрапу developing equipment 
for this purpose. However, the principles invelved have been examined 
and it is reasonable that a number сЕ subcontractors could be developed 
to preduce the equipment, 


The same is true cf equipment for measuring pressure, temperature 
and humidity below the flight path of the aircraft, While radiosonde 
equipment utilizes the principles needed, a more rugged airborne фгапв- 
mitter unit would have to be developed to permit release at high speeds. 
In addition some experimental work on trajectories and radiation 
characteristics would be required, 


POD MOUNTED GUN INSTALLATION 


А study of a ped mounted 20 mm T-160 gun installation is shown on 
Drawing SD55-08086. This pod would be a temporary installation to givo 
the airplane a fighting capability during the early stages of a conflict 
before air superiority is gained, 


Two installations would be mounted, спе cn either side of the airplane 
in place ^f the wing drop tanks, Provisions for 300 rounds of ammunition 
per gun are mado, 


The optical sighting system already in the airplane with little modifica- 
tien together with a small computer, an infra red adapter and an infra red 
seareh head will be used for fire control. 
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VII GROUP WEIGHT SUMMARY 


BASIC DATA & ENEMY INTELLIGENCE CAMERA INSTALLATION 
(REF. DRAWING 50-55-08064,) 


Wing Group 
Tai) Group 
Fuselage Group 
Landing Gear 
Surface Controle 
Nacelle 
Pover Plant Group 
Engine 
Exhaust System 
Cooling System 
Air Induction System 
Lubricating System 
Fuel System 
Engine Controls 
Starting System 
Instruments and Navigation 
Hydraulic and Pneumatics 
Electrical System 
Electronics and Navigation 
Armament 
Furnishings 
Air Conditioning and Anti-Icing 
Auxiliary Gear 
Photographic Group 


TOTAL WEIGHT EMPTY 


Crew 

Umunable Fuel 

Fuol ~ Wing & Fusolage 
Fuel - Missile Baye 

Engine and Unusable 033 
Camera Equipmont 

External Tanks and Pylons 
External Fuel = 1,100 Gals. 
Missile Bay Tank 


TOTAL USEFUL LOAD 


TAKE-OFF GROSS VEIGHT 


137.9 
319.6 
487.9 
482 0 

88.0 
297.3 
355.8 
68.6 
229.0 


270.0 
284,0 
9574.0 
5990.0 
60.0 
953,0 
693,0 
7150.0 
460,0 
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25,4340 
46,815.0 
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| Рак JLJDAA.24 TUBBOJET 
a + 
` BASIC OPERATIONAL AL DATA КЕ 0 "NEMY 2اا لے‎ ТІ ВЕБ CAMERA INSTALLATION 
í 5 * (hii * іл, ` EDS855-08064) E 
des | 
y Design Take-Off 46,750 lbs. 
. Maximum Fuel 22,714 lbs. 
Ë ‘Operating Weight Empty“ 23,343 lbs. 
` "Maximum Combat! 33 ,850 lbs. 
Landing! 25,268 ۰4 


y 


Speeds (At Combat Weight of 33,850 lbs.) 


Maximum at 35,000 ft. with Max. Рочег Ма 2,00 ' 
Maximum at 35,000 ft. with Mil. Power Мо 1,01 
Cruise Speed, Optimum (w/out external fuel tanks) 531 knots 


Climb (At Combat Weight of 33,850 lbs.) 


Maximum Rate of Climb at Sea Level 35,300 fpm 
Combat Ceiling (М = .94) 51,600 ft. | 
Táko-Off Ground Roll at Design Take-Off Weight 3,440 ft. | 


ng Ground Roll at Landing Weight 


{Wath drogue chute 2,300 ft. 
i По drogue chute 3,100 ft. 
2 А 
Езділе Ratings (Р & W Spec #2604) 
' Normal Rated Power 13,500 lbs. 
Military Power 15,500 lbs. 
| Military plus Afterburner Fover 23,500 lbs. ۱ 
i 


tow 


4 


је Design 1720. weight less all fuel and external tanks. 
Ч! Мах. weight over targét’ (based on single stage mission). 
яая. Operating weight, empty..plus reserves ба = ‘initial fuel plus 
20 min. endurance at S3L.) 
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MISSION PROFILE -  F-102B RECONN 


SINGLE STAGE - SEA LEVEL ALTITUD 


| | U ма ДССІГІТТ) TAKE-OFF GROSS WEIGHT 


а) Warm up, take-off ага accelerstion 

| allowance = 5 Min. at КЕР + 1 Min. А.В, 

| | b) Optimum Orvise altitude. 

| c) Escape climb at Mil. Fower. 

d) Beserve з 5$ initial fuel + 20 Min. loiter T 
8% S.L. Ко credit taken for distance i 
during descent and loiter. i 


=. = =, ےھ‎ m= 


= — £ 


RUN-IN- | 


RADIUS 


ына илэх! 
2 

tu © 

На 

Е 


2 | TARGET м. MI. 
1 | so | 1430 


1. “Climb at Mil. power to ставе altitude. 100 1310 
2% Cruise climb at M = 0,925, 
„3. Drop external tanks. 2 | 150 | 1150 
| и 4о Run іп at 0.925 K at 2.2, at 725 Mil. power. 200 | 1070 


5. 5 Ма. of evasive action over target. 

6. Run-out at 0.925 Ма 5.1. at 72% Mil. power. 
7. Glimb at Mil. power. 

8. Descent and loiter At S.L. 


ОВ RECONNAISSANCE AIRPLANE Fage 5 App. Зап 
Report. 2Р-8-026 
ALTITUDE OVER THE TARGET Model F-102B : 


Date Sept. 15, 1 ee 
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MISSION PROFILE - Е-102В RECONNAISSA 


SINGLE STAGE - HIGH ALTITUDE 
ћ ғ С „~ а 
9 NC' ^ э НЕП TAKE-OFF GROSS WEIGHT 46,750 LBS 


| а) Warm up, take-off and acceleration. 
` ` allowance = 5 Min. at NRF + 1 Min, А.В. 
| b) Optimum cruise altitude. 
с) Reserve = 5% initial fuel + 20 Min. loiter 7 
at 5,1. Мо credit taken for dirtenee dur- J 
ing descent and loiter, í 


| OUT БАГШ 
DIST.TO 
TARGET 


en 
Г RUN-IN | | 


Ne M. 


1, Climb at Mil. power ko napisa altitudo, 


2. Cruise climb at M т 0.925. 
3. Drop external tanks. 
” 4. Climb at Mil. + KB. power to Мах. 
Ној power cruise cexling. 

14 5. Run-in at 0,ОД/ at Mil. + А.В, power | 

ни at Мах. power cruice ceiling. 

| 6. 2 Ма. evasive action over target. 
7, Run-out at 0.94M at Mil. + A.B, pouen: 
8. Descend to/ cruise altitude. 

| | 9. Descend and loiter at 5.1. I 
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MISSION PROFILE -  F-102B RECONNAISSA 
TWO STAGE - LONG RANGE MISSION - ONE 
WITH ALTERNATE BASE 
TAKE-OFF GROSS WEIGHT 46,750 


Warm up, take-off and acceleration 
allowance = 5 Min. at МЕР + 1 Min. A.B. 
Refueling rendezvous reserve « 20 Кіп. at 35,000 ft. 
+ 5% of initial fuel. No credit taken for distance. T Y 
Landing reserve = 20 Min. at 5.5, + 5% of initial fuel at , 

refueling point, 


No credit taken for le during ва Дх апа loiter. 


2955 М.М 
„Ка 0,925 (36e Ко%е%) 


TOTAL DISTANCE TAKE-OFF ТО LANDING = 6285 N. MI. 


Climb at Mil. power to cruise altitude. 

Cruise climb, at; M = 0,025, 

Descend to 35, 000 ft. (refueling altitude). 

Refuel to takeoff gross weight (46,750 Lbs.) 

Cruise climb, at M = 0.925. 

Drop external tanks. “Коте: The 29 

Climb at МИ. + A.B. power to max. ‘power cruise ceiling. point where 

Run-in 50.4. MI. at 0.94M at Mil. + A.B. power. 20 Min. 104 

Two minutes evesive action over target o | 
10, Run-out /50 М. MI. at 0.94М at Mil. + A.B. power. This initia 
ll. Descend to cruise altitude. | | made at the 
12, Cruise climb at M = 0.925, , loiter at 3 
13, Descend and loiter at 5.1. | this operat 


: 5 “1 
SSANCE AIRPLANE ра в” 
Биш AIRPLANE Report ZP-8-026" , 

МЕ REFUELING јоде] Е-102В ` 
power Date Sept. 15, 195 


Nu" ft. 


ND 


Н. MI. 29 


Ми 0.925 


5, 


— а. @ 


| al diptang6 decreases to 1370 miles when the refueling contact is 
he "ooint/of no return" ‘and reserves of 5% initial fuel and 20) | 
|35,000 Sgt. retained. The total distance take-off to landing for | 

ation would be 4700 N, MI. instead of 6285 N. MI. | | | 


T ooo ОМССАЗ SI 


Missile bay available for 
equipment or fuel 
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| | 

— 190" 
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| F-102B RECONNAISSANCE AIRPLANE SPACE ПАСНАМ 

| Showing space available for various 

| combinations and sizes of cameras 

| 
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INTRODUCTION 


The purpose of this report is to familiarize Navy personnel 
with the Air Force F-102A and Е-1020 airplanes and to present 
an invectigation of the feasibility of adapting the Е-102:8 airplane 
to carrier -based operations. 


The report is in three sections: 


I. Design and performance information on both 
the Ғ-102А and F-102B airplanes. 


I. А study of the Air Force version of the Е-1020 
with minimum modifications for carrier suit - 
ability. Complete performance is included in 
this version. 


II. А brief study of a Navy version of the F-10222 
incorporating changes to the electronic and 
weapon systems for internal stowage of Sparrow 
missiles. No performance is included in this 
section. For a more complete study of this 
airplane (including performance), see Convair 
secret report No. ZP-55-13006 dated 20 June, 
1955. (Performance shown under Item II above 
may be used for approximation. ) 
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This study indicates that a carrier -based version of the F-102B air- 
plane is entirely practical and would provide the Navy with a Mach 2. 0 air- 
plane capable of attaining an altitude of 52, 000 feet. By use of the "zoom 
technique", а usable altitude of 65, 000 feet can be attained for sufficient 
time to make an attack. For information on the "zoom technique", see Con- 


vair's Secret Report No. ZO-P -020. 


Since the F-102B is scheduled for early production (June 1957), it would 
assure delivery of Navy versions at an earlier date than attainable with a com- 
pletely new design. Тһе proven aerodynamic configuration of the F-102 air- 
planes would eliminate the costly delay in designing and testing a new design 


with unknown performance and systems characteristics. 


The outstanding success of the F-102A airplane ав a stable platform 
for launching six (6) internally stowed Falcon misstles and rockets cannot be 
over emphasized. Salvos of six (6) missiles and twenty-four (24) rockets 
have been fired at speeds up to Mach 1. 20 and altitudes up to 53, 000 feet. 
Rockets have been fired as low as 300 feet above the terrain and missiles as 
low ав 500 feet. Both the 2" (T -214) rockets and the 2. 75" FFAR rockets have 
been fired. In all of these tests not a single engine malfunction has occurred 


over a period of two years. 


А package of 12 rockets has been designed and tested that mounts on the | 
missile launchers. With six (6) of these packages, plus the twenty-four (24) 
rockets in the missile bay doors, a total of 96 2. 75" rockets can be carried 


internally for an all-rocket configuration. 


Successful electronically controlled attacks have been made using the 
Falcon guided missiles against QB-17 drones up to 28, 500 feet. To obtain 


higher target altitudes it was necessary to use balloons. 


In a typical snap- 


up attack, a single Falcon was fired at 45, 000 feet and cut the shroud lines of 


а balloon at 52,000 feet. 


This study shows that the Navy version of the F-102B could take off from 
a carrier without afterburner with a full load of armament and internal fuel. 
However, it would be necessary to use afterburner power for take-off with 
external tanks in order to take full advantage of the airplane mission capability. 
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To improve landing visibility, the nose of the carrier version is modified 
to provide 20 degrees of down vision for the approach and landing condition. One 
of the outstanding features of the delta wing F-102 is the stability during slow 


Speed approach attitudes. 


Reasonable landing speeds for the carrier approach 


condition are obtainable as shown in the performance section. 


The Navy fighter mission specifies a "three-hour cycle" time including 


cruise out 150 nautical miles, combat twenty minutes (15 military + 5 after - 
burner) and cruise back. The carrier-based version of the F-102B with ex- 


ternal tanks meets this requirement with a cycle time of two hours. Bytrad- 
ing combat time for cycle time, it would be possible to obtain the "three -hour 
cycle" time with three minutes of combat time which is equivalent to a typical 
interceptor mission. 


The F-102B airplane carries a mixed load consisting of four (4) Falcon 


guided missiles and one (1)-MB-1 weapon. Allarmament is stowed internally. 


Alternate loads of six (6) Falcon missiles or two MB-1 weapons can be carried. 


The MA-1 fire control system is used. 


With minor modification to the missile bay area, four Sparrow 1-A 


missiles can be carried. With this armament, an АРО-50 fire control system 


replaces the present MA-1 system. 


In all of the configurations, two MB-1 weapons can be carried internally. 


These weapons are armed with an atomic warhead. 
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SECTION 1. 
DISCUSSION 


This section presents design and performance information on the 
F-102A and F-102B airplanes. It is included in this report for reference 
to familiarize Navy personnel with the capabilities of these Air Force 
interceptors. 


The purpose of these airplanes is to provide the Air Defense Command 
with supersonic weapons capable of all-weather interception of high speed 
_ targets. 


The F-102A is armed with six internally stowed Falcon guided missiles 
with either a radar or infra-red target seeker in the nose. They are auto- 
‘matically fired by the Hughes MG-10 electronic system. The airplane is 


powered by a Pratt & Whitney J-57 engine and is capable of level flight speeds 


. of Mach 1.18 at 35,000 feet and Mach 1.0 at 50,000 feet. Its combat ceiling 
is 53,000 feet. The first complete F-102A squadron will be activated in June 
of this year (1956). 


i. 


| The Е-102В airplane is now іп the design stage. Mockup inspection 
1 was completed in December of 1955. The first prototype will fly in Dec - 
‘ember of this year (1956). First production units are scheduled for June, 
1957. 
5 The F-102B airplane is powered by а Pratt & Whitney 1-15 engine and 
гів capable of speeds up to Mach 2.0 (temperature limit) from 35, 000 feet to 
' 740, 000 feet and Mach 1. 79 at 50, 000 feet. Its combat ceiling is 54, 000 feet 
| 1 but it is capable of "zooming" to 74,000 feet before reaching the minimum 
d , speed limit established by engine flame -out. The maximum useful altitude 
! is limited to 65, 000 feet Бу equipment limits. Atthis altitude, it 18 possible 
| | ae maintain level flight with a 1.2 6 maneuvering capability for sufficient 


¿ (вее Convair Secret Report №. ZO-P-020. 


This airplane is armed with a mixed load. ۰ It includes four Falcon 


. |time to make an attack. For more detail information on the "zoom technique", 


"guided missiles and one MB-1 weapon with an atomic warhead. These weapons | | 


Eus] f. аге.а stowed internally. Alternate loads include six Falcons or two MB- 1 
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АП oí the electronic and control functions required for the Е-1028 
interceptor are performed by the Hughes МА -1 aircraft and Weapon Control 
System. А typical mission may be described as follows: 


Immediately after take-off, the pilot turns control over to the МА-1 
system which automatically navigates and flies the airplane out to meet the 
target. 


The system flies on a collision course and automatically fires the arma- 
| ment pre-selected by the pilot and destroys the target. 


The airplane is then automatically navigated to the return base area (any 
one of 40 destinations selected by the pilot) and flown down the landing approach 
course. The pilot takes over and lands the airplane. 


The difference between the F-102A and F-10925 airplanes is mainly in | 
the internal changes such as electronics, engine and weapon arrangement. | 
Externally, Ше most noticeable difference is in the aft location of the inlet | 
ducts on the F-102B closer to the leading edge of the wing. This was done to 
save duct weight and to provide actuation space for а variable ramp inlet 
which improves the engine performance at high speed. Another external dif- 
ference is the large fin on the F-102B necessary for the higher mach range. 


In both airplanes the fuel is carried in integral wing tanks. However, on 
the Е-102В a 233-gallon fuselage tank is incorporated just forward of the inlet 
ducts to provide for fuel transfer in order to move the airplane center of 
gravity aft during supersonic flight. 


Since the aerodynamic center of pressure moves aft during acceleration 
from subsonic to supersonic speeds, the stability margins are increased re- 
sulting in high trim drag increments. Moving the airplane's center of gravity 
aft (by means of the fuel transfer system) reduces the stability margin, re- 
sulting tn a decrease imtrim drag. 


The average center of gravity shift on the F-102B is approximately 6% 
and for each 1% of center of gravity shift, approximately 400 feet are gained 
in altitude for a given mach number. | 
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This fuel may be transferred forward again if the airplane is decelerated | 
to subsonic speed. | 


Ол the following pages аге weight and balance summaries, performance 
summary and curves, mission profiles and three-vlew and inboard arrange- 
meht drawings of the F-102A and F-102B airplanes. | 


FORM 1018 -А4 


РАСЕ КО. 9 
REPORT КО. 2Р-8-037 


CONFIDENTIAL 


PONFIDENTIAL 


4 


ANALYSIS ` 
PREPARED BY 
CHECKED BY 


CONVAIR 


e 
а рехулт'ом се ЏЕМЕЧА AL DYNAMICO CORPORATION 


00 وچوس‎ DIEGO 5 
Г 07 En uU 21 T دس‎ 


2 m 
= 
5 


REVISED BY 
GROUP_WEIGHT STATEMENT 
F-102A INTERCEPTOR 
F-102A% 
Interceptor 
Wing Group 3050 
Tail Group 438 
Воду Group 3541 
Alighting Gear Group 1045 
Surface Controls Group 441 
Engine Section 39 
Propulsion Group (6445) 
Engine Installation 5015 
Air Induction System 724 
Exhaust System 133 
Gooling System 17 
Lubricating System 27 
Fuel System 417 
Engine Controls 25 
Starting System 87 
: Fixed Equipment Group (4347) 
| Instruments апа Navigatior&ül Equipment Group 145 
Hydraulic and Pneumatic Group 319 
Electrical Group 575 
Electronics Group 2192 
Armament, Group 617 
Furnishings and Equipment Group 229 
Air Conditioning and Anti-Icing Group 224 
' Auxiliary Gear Group 48 
Unaccountable Weight = 101 
a WEIGHT EMPTY 
7 Useful Load 
j Pilot, Survival Kit and Parachute 248 
Fuel-Unusable (9Р-4) 154, 
Fuel-Usuable (JP-4) at 6.5#/Gale 6825 
041-Тғаррадй and Engine 46 
Missiles 6 762 
Rockets 36-2.00% 25 


Missile Launchers 


NORMAL TAKEOFF GROSS WEIGHT 


4 Based on the current status of Weight and Balance Status report Мо, 27, 
dated 1 February 2956. 
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GROUP WEIGHT STATEMENTS 


-1028 INTERCEPTOR # 


Wing Group 3232 
Tail Group 634 
Воду Group 4,504, 
Alighting Gear Group 1220 
Surface Controls Group 447 
Engine Section 37 
Propulsion Group (8224) 
Engine Installation 6125 
Air Induction System 916 
Exhaust System 262 
Cooling Systen 45 
lubricating System 52 
Fael System 725 
Engine Controls 28 
Starting System 71 
Fixed Equipmont Group (4922) 
Instrumento апа Navigational Equipt, Group 121 
Hydraulic and Pneumatic Group 428 
Eleetrical Group 552 
Eleetronies Group 2493 
Armamont Group 681 
Furnishings and Equipment Group 269 
Мт Conditioning & Anti-Icing Group 320 
Auxiliary Gear Group 58 
WEIGHT EMPTY 23,220 
Useful Load 9,980 
Pilot, Survival Kit and Parachute 270 
Fuel-Unusable (JP-4) 36 Gals. 234, 
Fuel-Usuable (JP-4) at 6.5#/Gal. 8060: 
Oil-Trapped and Engine 60 
Rockot-Dine Dong (1) (МВ-1 Woapon) 815 
Ding Dong Ejector Cartridge (5) 1 
Missiles - Falcon GAR-IA and/or -IC (4) 540 
NORMAL TAKFOFF GROSS WEIGHT 33,200 


t Based on the current status of Monthly Weight and Balance Status Report 
No. 3, dated 25 January 1956, 
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Е-102А & F-102B 
PERFORMANCE SUMMARY TABULATION 
F-102A F-102B — | 
P&W рам | 
Engine J57 - -P23 1715 (JT4A-24) | 
Rated Static Sea Level Thrust (max. ) lbs. 16, 000 23,500 
T. O. Weight (full internal load) lbs. 27,500 * 33,200 
Combat Weight (a) Ibs. 24,867 30,370 | 
Internal Fuel lbs. 6, 825 8, 060 
High Speed with Military plus | 
Afterburner Power (b) шээг ЕН pees. || 
35,000 Feet Маси Ко. 1.18 2.00 (с) | 
50, 000 Feet Mach Мо. 1.00 1. 79 | 
Combat Ceiling with Military 
plus Afterburner Power (R/C= | 
500 ft./min. at Combat Wt. ) ft. 53, 000 54, 000 | 
Time to Climb to Altitude with 
Military plus Afterburner Power 
(from start of take-off run) 
35,000 Feet min. 3.7 2.5 
50,000 Feet min. 7.1 4. 
Combat Radius-Mil-C-5011A Area 
Intercept Mission (Combat 5 min. 
at max. Power at 50,000 feet) 
With internal fuel only N. mi. 375 375 
With 460 gal. ext. fuel N. mi. 620 625 


a) Weight at start of combat for Mil-C-5011A Point Intercept Mission. 

b) Gross weight = weight upon reaching combat ceiling immediately following 
take-off without external tanks. (See plot given for carrier-based F-102B 
on page 

c) Structural high speed of airplane. 


*Based on airplane spec. weight , 7 m oT AL 
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DISCUSSION 


This section presents а study of the modifications required to carrier- 
base the Air Force Е-102В airplane. 


For the purpose of this study, it was assumed that the F-102B electronics 
and armament would be retained. cà 


The following changes necessary to meet the carrier requirements were 


made: 


1. Increased stroke on nose and main landing gear. 


2. | Provisions for a full 360° swivel on the nose gear. 


8. Addition of a tail bumper wheel and an arresting hook. 


4. Addition of caapult bridal fittings and a hold back fitting. 


5. Beef up to all structure to meet the increased demands of 
the carrier landing and catapult operations. 


Addition of a 110-gallon fuselage tank adjacent to the exist- 
ing fuselage transfer tank to increase the internal fuel cap- 
acity. 


Addition of two 325-gallon external fuel tanks on the wings 
in lieu of the standard 230-gallon tanks on the F-102B. 


Modification of the nose to provide 20° down vision for 
landing. 


Incorporation of wing fold and fin fold 10, meet hangar deck 
clearance requirements. 


In addition provisions were made for a retractable refueling probe on top 
of the fuselage immediately behind the canopy. The probe would be extended 
ав shown on drawing SD -55 -06030 and would se in an ideal position for the 
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pilot to Пу the probe into the drogue of the refueling plane. Тһе refueling 
probe is adjacent to the added fuselage tank facilitating the tie-in to the 
existing airplane fuel system. 


The gross weight of this airplane without external tanks has increased 
from 33, 200 pounds to 36,105 pounds. In this condition, it would be possible 
to catapult from the carrier without afterburner. The addition of external 
tanks will increase the gross weight to 40, 700 pounds. In this condition, 
afterburner must be used for take-off. Although the airplane can take off 
without afterburner, the loss in mission capability without external tanks 
would scarcely warrant the elimination of afterburner noise to accommodate 


ground personnel. 


In the Mil-C-5011A Area Intercept Mission the Air Force F-102B 
interceptor has a combat radius of 375 nautical miles. This mission re- 
quires 5 minutes of combat (military + afterburner power) at 50, 000 feet. 
However, only 2 or 3 minutes of combat power are actually required to 

complete an attack. 


The Navy requirement of 20 minutes of combat (15 military + 5 after- 
burner) at 40, 000 feet altitude obviously would reduce the mission radius by a 
prohibitive amount. To maintain a respectable mission radius (or loiter time), 
it is necessary to include external fuel tanks. Two 325-gallon tanks have 

been added to the carrier-based version. This is the largest size tanks pos- 
sible consistent with a maximum take-off weight of 40,700 pounds. (Catapult 
limitation with the J-75 engine + afterburner, 85° day, maximum angle of 
attack of 17-1/2*, a minimum acceleration of . 075 г, and a 25-knot wind over 


the deck. ) 


A curve is included in this report showing "combat time" and "total 
mission time" versus "external fuel" after cruising out 150 nautical miles 

as required by the "three-hour cycle time" of the Navy mission. This curve 
graphically illustrates that the total mission time can be increased as the 
combat time is reduced. A "three-hour cycle time" can be achieved, with 3 
minutes of combat which is equivalent to a typical interceptor mission. How- 
ever, it is possible to maintain the 20 minutes of combat desired with a 

cycle time of two hours. 


The following pages include weight and balance, performance, general 
arrangement and inboard arrangement of the carrier-based version of the 


F-102B. 
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COMPARATIVE GROUP WEIGHT STATEMENTS 


Е-1028 AND Е-1028 MODIFIED FOR CARRIER OPERATION 


#Е -1028 F-102B 
Interceptor Carrier Version 
Wing Croup 3232 3884 
Tail Group 634 659 
Body Group 4504 4759 
Alighting Gear Group 1220 2205 
Surface Controls Group 447 447 
Engine Section 37 37 
Propulsion Group (8224) (8224) 
Engine Installation 6125 6125 
Air Induction System 916 916 
Exhaust System 262 262 
Cooling System 45 45 
lubricating System 52 52 
Fuel System 725 725 
Engine Controls 28 28 
Starting System 71 71 
Fixed Equipment Group (4922) (5195) 
Instruments and Navigational Equipt.Grp, 121 121 
Hydraulic and Pneumatic Group 428 448 
Electrical Group 552 552 
Eleetronics Group 2493 2493 
Armament Group 681 681 
Furnishings and Equipment Group 269 269 
Air Conditioning & Anti-Icing Group. 320 320 
Auxiliary Gear Group 58 311 
WEIGHT EMPTY 23,220 25,410 
Useful Load (9980) (10,695) 
Pilot, Survival Kit & Parachute 270 270 
Рие! Ппива е (JP-4) 36 Gals. 234 234, 
Fuel-Ususble (JP-4) at 6.5#/Gal. 8060 8775 
Oil-Trapped and Engine 60 60 
Rocket-Ding Dong (1) МВ-1 Weapon 815 815 
Ding Dong Ejector Cartridges (5) | 1 1 
Missiles - Falcon GAR-IA and/or -IC (4) 540 540 
NORMAL TAKEOFF GROSS WEIGHT 33,200 36,105 


* Based on the current status of Monthly Weight and Balance Status Report 
No. 3, dated 25 Jamary 1956. 
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| 
CARRIER-BASED Е-102 В 
PERFORMANCE SUMMARY TABULATION 
Engine Pratt & Whitney 
| 4 75 (4Т4А-24) 
Rated static sea level thrust (max. ) lbs. 23,500 
Take-off gross weight 
Without external fuel Ibs. 36,105 
With two 325-gal. external tanks lbs. 40, 700 
Combat Weight (a) lbs. 33, 120 
Landing Weight (b) lbs. 28, 985 
Internal Fuel lbs. 8,775 
External Fuel lbs. 4,225 
High speed with military + afterburner power (c) 
35,000 Feet Mach no. 2. 00 
50,000 Feet Mach no. 1. 67 


Combat ceiling with military + afterburner 
power (R/C = 500 Ft./min. at combat wt. ) ft. 52, 000 


Time to climb to altitude with military + after - 
burner power (from start of take-off run, with- 
out external tanks) 


35,000 Feet min. 2.8 
50,000 Feet min. 5.6 
Combat radius - Mil-C-5011A area intercept 
mission (combat 5 min. at max. power at 
50, 000 feet) 
With internal fuel only N. Mi. 403 
With 650 gal. external fuel N. Mi. 705 
Landing Speed - (min. airspeed with approach 
power at landing weight, see Page 34 ) Knots 142 


a) Weight at start of combat for Mil-C-5011A Point Intercept Mission take -off 
without external tanks. ree to weight upon reaching combat ceil - 


ANALYSIS CONVAIR 
PREPARED BY A DIVISION OF GENERAL DYNAMICS CORPORATION 
CHECKED BY Ы AVR TONN Prepon dE کا‎ 
REVISED BY diva TERM ЖЕК 


РД? i ЭРЭ”: اوت‎ 7 


Carrier-Based 7-7 
Performance Summary Tabulation 
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ing at M = 0. 94 immediately following take -off. 
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b) Landing weight corresponding to Mil-C-5011A Area Intercept Mission. In- 
cludes full armament, 5% initial fuel (external fuel included) and 20 minutes 
reserve fuel at sea level at speed for maximum endurance. 


c) Gross Weight = Weight upon reaching combat ceiling immediately following 


take -off without external tanks (see plot on Page 27 


d) Structural high speed of airplane. 
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SECTION ІП. 


DISCUSSION 


А previous Convair Report Мо. 2Р-55-13009, dated 20 June, 1955, 
presented a Navy carrier-based version of the Ғ-102В airplane. 


This study established changes required to build a complete Navy 
version of the F-10295 including a fire control system and four 
Sparrow 1-۸ missiles carried internally. 


Portions of that study are included in this report for reference 
only. 


The following pages include weight and balance information and 
drawings of this version. 
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| 
CARRIER BASED FIGHTER VERSION OF F -102B | 
| 
| 


GROUP WEIGHT STATEMENT 
NAVY FIGHTER F-102B* 
Wing 3838. 0 3232.0 
Tall 631.4 606. 4 
Fuselage 4867.2 4423.2 
Alighting Gear 2211.8 1226.8 
Surface Controls 461.5 461.5 | 
Nacelle 33.5 33.5 | 
Propulsion 8242. 3 8351. 3 | 
Engine (1) 715 5825. 0 6125. 0 | 
Air Induction 884. 6 884. 6 i 
Exhaust 232.7 232.7 | 
Cooling System 11.8 71.8 { 
Lubricating 85.2 35.2 || 
Engine Controls 22.6 22.6 | | 
Starting System 72.8 72.8 i 
| Fuel System 1097.6 906. 6 | | 
| | 
| Instruments 131.4 137. 4 | | 
' Hydraulic & Pneumatic Sys. 345.6 325.6 E 
Electrical System 454. 0 332. 0 | 
Electronics 1150.0 2138.1 | 
Armament 459.1 391.1 | 
Furnishings 231.3 247.3 
Air Conditioning & Anti -Ice. 371.2 347. 2 
| Auxillary Gear 305. 6 68. 6 
| ВаПав! 300. 0 | 
| WEIGHT EMPTY 24036 22322 | | 
| Pilot, Chute & Survival КИ 210.0 210.0 | 
Unusable Fuel 284.0 234.0 | | 
| Unusable Otl 60.0 60.0 9 
| Fuel 8060. 0 8060. 0 || 
Armament (4) Sparrow 1-A missiles 1340.0 2054. 0 | 
| USEFUL LOAD 9964 10678 | 
| TAKE-OFF WEIGHT 34000 83000  ' 
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UNCLASSIFIED 
INTRODUCTION 


The F-102, a revolutionary АП Weather Supersonic Interceptor 
іп service іп units of Air Defense Command, guarding the United 
States, 15 in quantity production at the Convair San Diego, Division 
of General Dynamics Corporation. 


The F -102, because it is a delta wing airplane, is fundamentally 
Superior to the more conventional types for fighter missions. It is also 
simpler, safer, and more rugged. 


The size and arrangement of the Ғ-102 airplane makes it really 
adaptable to various types of equipment and armament. Thus it has 
great potential, not only as an interceptor but for other uses as well. 


This report briefly describes the F -102 Interceptor and three 
other versions of the airplane; a Fighter Bomber, a Photo Reconnais- 
вапсе Airplane, and a Ferret Airplane. Although, other versions arg 
feasible, these are the ones which it is felt will be most useful and at- 
tractive to allies of the United States. 


This report 18 intended to provide а basis for discussion to 
develop configurations most suitable for users requirements. 
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ADVANTAGES OF THE F-102 


The F-102, because it is a delta wing airplane, is fundamentally 
superior to the more conventional types for fighter missions. Several 
of the reasons for its superiority and the way it manifests itself are out- 
lined below: 


1. In the design of the delta wing type airplane the conventional 
horizontal tail is omitted. This eliminates a number of working parts 
(surfaces) along with the direct and interference drag associated with them. 
In order to achieve longitudinal control the elevators are built into the 
wing trailing edge. Actually they are combined with the ailerons to be- 
come "ејеуопв". А loss in maximum lift would result from the above 
but to prevent it, the wing is increased in area by 60% to 90% over what 
it would be with the conventional wing-tail combination. The resulting 
long chord places the elevons far enough ait to be very effective in longt- 
tudinal control. But more important, the large increase in wing area 
provides a still greater increase in wing volume (two and a half to four 
times that of a straight or swept wing airplane). The drag increase which 
would be associated with the increased wing area is offset by the elimina- 
tion of the horizontal tail. 


The large wing provides space for fuel, not possible with 
conventional designs, thus freeing space in the fuselage for armament, 
fire control, guidance, and communications equipment. Most other de- 
signs are required to carry armament externally thus degrading per- 
formance. The large wing also permits low landing speed and short take- 
off and landing distances. 


2. The increased space made available in the fuselage by 
carrying fuel in the wing provides better access for maintenance of equip- 
ment,accessories, and power units carried therein. 


3. Because of the great amount of taper in both thickness and 
chord the delta wing is inherently very stiff and light. The great stiff- 
ness makes it resistant to aeroelastic problems - flutter, and reduced 
control. Ив light weight contributes to its superior performance. 
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4. The delta wing shape contributes heavily to smoothness and 
stability experienced by the F-102 airplane in passing through the tran- 
sonic speed region. It is also largely responsible for the superior high 
altitude maneuverability and low speed control and stability of the F-102. 
Good slow speed stability is particularly important during the transition 
training of pilots. 


5. The delta wing arrangement provides design simplicity. 
There are only three movable control surfaces as compared with a ровв- 
ible seven on the conventional arrangement with flaps and leading edge slots 
or flaps. The absence of these additional surfaces means greater re- 
liability and less maintenance; less pilot fatigue. 


6. Supersonic airplanes with conventional tails exhibit erratic 
behavior under certain flight conditions when the horizontal tail enters 
or leaves the wake from the wing. Delta wing airplanes, having no hori- 
zontal tails, do not have this difficulty. 
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Тһе F-102 program includes а plan for the incorporation of New 
Developments into its design. Two major improvements are а change іп 
wing leading edge camber known as Case XX and an engine improvement 
which is identified by a designation change from J57-P23 to J57-P47. 

The effect of these improvements is shown in the table below and the per- 


formance curves that follow. 


РЕНЕОКМАМСЕ SUMMARY 


INTERCEPTOR 
RATED THRUST @ SEA LEVEL LB. 
TAKE OFF WEIGHT LB. 
FULL LB. 
V-MAX A/B POWER @ 35000 MACH 
V-MAX А/В POWER © 50000 MACH 
COMBAT CEILING - A/B POWER «FT. 
TIME TO CLIMB A/B POWER TO 10000 PT. 7۰ 
TIME TO CLIMB A/B POWER TO 50000 FT. MIN. 
TAKE OFT OVER 50' OBSTACLE ym, 
LAND OVDR 50! OBSTACLE PT 
LAND WITH DRAG CHUTE FT. 
COMBAT RADIUS (АНЗА INTZDONPT MISS) N. MI 
LOITZR TIS (POINT INTERCEPT MISS.) HER. 
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F-102 
CASE X 
951-Р23 


16000 
27884. 
6825 
1.15 


Р-102 
CASE ХХ 
051-23 


16000 
21966 
6825 
1.23 
1.0 
51200 
4 . 1 
6.4 
3700 
4100 
3200 
430 
1 е 6 


F-l02 
CASE XX 
J57-P}7 


16900 
27809 
6825 
1.45 
1.19 
56000 
3.5 
5.1 
3500 
1100 
3500 
110 
1.5 
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THE F-102 INTERCEPTOR 


The F-102 Interceptor was designed to intercept enemy bombers 
under all conditions of weather and light. The characteristics which 
were necessarily built into the airplane are short take-off and landing 
runs, an extremely high rate of climb, a maximum combat се пе, 
good stability and high maneuverability at all altitudes, supersonic 
speed, and an adequate radius of action. 


In order to achieve the highest possible probability of kill maxi- 
mum guidance is provided for both the airplane and the missiles it 
carriles. Rockets are carried simultaneously with the missiles and 
they utilize the same fire control system. 


The interior arrangement of the F-102 Interceptor is shown on 
Convair Drawing SD-56-08051. In the nose are the radar, fire control 
system and part of the communication, navigation and landing systems. 


Immediately aft of the nose section are the cockpit and nose 
wheel compartment. The battery and a number of electrical units oc- 
cupy the same compartment as the nose wheel and are afforded easy 
access through the nose wheel door opening. 


The space behind the cockpit contains the refrigeration and air 
conditioning equipment. It also houses electrical and electronics com- 
ponents. 


The lower portion of the mid section of the fuselage is the arm- 
ament bay. It provides space for six Falcon missiles mounted on 
parallel type mechanisms which position the missiles several inches 
clear of and below the fuselage when in the extended position. In the 
"up" position the missiles are housed completely within the fuselage. 
Rockets are carried within the structure of the missile bay doors. 


The upper mid section of the fuselage carries many of the 
electrical system components. 


The main wheel well and power plant sections are ait of the 
armament bay. 
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сэнс: 


In operation, the interceptor pilot receives instructions from 
the ground radar operator which enable him to put the airplane in posi- 
tion for a firing run on the enemy bomber. The ground radar operator 
can also tell the interceptor pilot where the image of the bomber should 
appear on the pilots scope. 


Once the target becomes visible on his "scope", the pilot 15 able 
to challenge it and get an identifying response to determine whether or 
not it is friendly. If the target is unfriendly, "lock оп" can be accomp- 
lished by the pilot manually manipulating a pair of cursors (cross hairs) 
to the position of the target image on the scope. 


-а From "lock on" to armament release all operations are automatic 
including guidance, opening of the armament bay doors, displacing arma- 
ment into firing position, firing armament and closing doors. The pilot 
monitors the operation and steers away from the debris after armament 
release. 


There are two means of returning to base. The ground control 
radar operator can give the pilot steering courses. Or, the pilot can use 
the ground mapping feature of the radar equipment. 


The development programs include improvements in the system 
which will permit the ground controller to direct the outbound and in- 
bound portions of an attack. These improvements utilize steering signals 
transmitted through data link components to the aircraft control system. 


Other types of fire control systems are available. These include 
other radars, infra red, visual and combinations of these. 
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F-102 INTERCEPTOR 
WEIGHT SUMMARY 
(J5" -P23 Engine) 
Jtem 
Structure 8,026 Lb. 
Propulsion Group 6, 439 
Electrical, Hydraulics & Pneumatics 890 
Electronics 2, 248 
Armament Provision s 592 
Furnishings and Fixed Equipment 647 
Surface Controls 435 
WEIGHT EMPTY 19, 217 Lb. 
Useful Load 
Filot, Survival Kit, Parachute 248 
Unusable Fuel 154 
Fuel usable (ЈР-4) 1050 Gal. 6, 825 
Oil 46 
Missiles - Falcons (6) i 762 
Rocketg - 2.75" (24) 432 
Missile Launchers 222 
NORMAL TAKE-OFF GROSS WEIGHT 27, 966 
NOTE: 


The F-102 has provisions of carrying 2 - 230 gal. external 
fuel tanks, one on each wing to approximately double the radius 
of action. The weight of tanks, all external provisions and fuel 
is 3,272 Lbs. 
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SELECTED ALTERNATE V ERSIONS 


Brief studies of selected alternate versions of the Е -102 Inter- 
ceptor are shown on the following pages. The spaces available in the 
nose and belly of the Ғ-102 after the removal of the Interceptor elec- 
tronics and armament are so large that a great variety of equipment 
can be installed there to produce many different fighter versions. 


The studies shown here are simply to indicate what can be done 
and to serve as a basis for discussions to develop the configuration de- 
sired by the customer. 


In general those versions other than the Interceptor have mis- 
sions with greater radii of action. Accordingly space not used in the 
armament bays for equipment is used for additional fuel. Also exter- 
nal fuel tanks are attached to the wings outboard of the wheels. 


The additional fuel thus made available causes the take-off weight 
іо increase. А typical value for the take-off weight would be 37,000 
lbs. Even so, since the increase in gross weight is in fuel, the combat 
weight would increase little, if any. 


The graphs on the following two pages show the approximate 
effect on the take-off performance and load factors of the increased weight. 
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THE F-102 FIGHTER BOMBER 


The F-102 makes an excellent Fighter Bomber. In addition to 
its fine performance and handling characteristics, the physical arrange- 
ment of the airplane makes it ideal for conversion to a Fighter Bomber. 


In its nose the Interceptor carries a large amount (see Weight 
Summary, page 12) of radar and electronics fire control equipment. A 
поета fighter bomber carries similar equipment in this location. The 
interceptor missiles are carried in the bottom of the fuselage in arma- 
ment bays near the airplanes' center of gravity. This space is readily 
adapted to carrying bombs and additional fuel. The design of the arma- 
ment bay doors with integral rociet tubes would be retained. 


The Fighter Bomber Study, Drawing SD-57-08054, shows the 
interior space fitted with a most modern bombing system wherein all 
possible functions are mechanized. Such a system would provide ver- 
gatile а11 weather operation. Е would include loft, toss, over-the- 
shoulder, level, and dive bombing modes as well as a limited air-to- 
air capability. A mode for air-to-ground rocketry would also be pro- 
vided. 


The communication, navigation and other systems used in the 
study have commensurate capabilities. 


Carrying bombs internally stored on the airplane centerline is 
particularly important. The bombs produce no drag and therefore do 
not degrade the airplane's performance as do externally carried stores. 
Carriage of the weapons on the centerline eliminates the trim changes 
that arise from the unbalanced forces and moments produced during 
toss maneuvers on airplanes with unsymmetrically wing mounted bombs. 
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There are numerous combinations of equipment that could 
be used to provide a fire control system for the F-102 Fighter 
Bomber. The system envisioned above was chosen because it is 
the most sophisticated of those studied. It provides all the features 
that it is anticipated a customer could desire. As a consequence 
it sets the maximum space and weight requirement. Should a 
customer choose to have other fire control equipment installed, 
it is expected that there would be ample weight and space allow- 
ance available. 
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Е-102А FIGHTER-BOMBER 


MISSION А 


Е O Ft. 
7 = | © 143,500 Ft. 
© ‚—(3) 1,300 к 
: i 39,500 Ft (5) 
22 39,700 Ft. © 
ф ~ 
T: Y 
З(0)/ ` 
d 
10 
Š 2 О) | | 
0 1 2 23 h 5 6 7 
DISTANCE N.MI./100 


1. Take-off G sea level. Take-off fuel allowance is 1 minute © 
А/В power @ sea level plus 2 minutes G normal power @ sea level. 

2. Climb to cruise ceiling. 

3. Cruise @ cruise ceiling until ext. tanks empty. 

4. Drop external tanks. 

5. Climb to clean airplane cruise ceiling. 

6. Cruise @ clean airplane cruise ceiling. 

7. Descend to sea level. (No distance credit or fuel penalty). 

8. Penetrate 50 nautical miles @ military power and return. 

9. Climb to cruise ceiling. 

10. Cruise back @ cruise ceiling. 

11. Reserve fuel allowance is 5% of initial fuel plus 20 minutes 6 
maximum endurance @ sea level. 
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Ғ-102А FIGHTER BOMBER 


MISSION B 

50 19,200 Ft. 

. (7) | шаг 48,000 Ft. 
Л Ё . | 9 44,200 Ft. 
бо 42,700 Ft. 

= 
70 i 

Ф 
20 б 

В 

3 
10 d 
> € 45 


3 
DISTANCE н.мг./100 


1. Take-off 0 Sea Level. Take-off fuel allowance is 1 minute 
@ A/B power @ sea level plus 2 minutes @ normal power @ sea level. 

2. Climb to clean airplane cruise ceiling. 

3. Сгаівебе1евп alrplane cruise ceiling. 

ц. Descend to sea level (no distance credit or fuel penalty). 

5. Penetrate 50 nautical miles 8 military power and return. 

6. Climb to cruise ceiling. 

Т. Cruise back @ cruise ceiling. 

8. Reserve fuel allowance is 5% of initial fuel plus 20 minutes @ 

maximum endurance @ sea level. 


NOTE; Im Mission "В" External (Droppable) Fuel Tanks are not carried 
as they were in Mission "А", 
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‘WEIGHT SUMMARY 


Е-102 FIGHTER BOMBER 


% 


Structure 8, 304 
Propulsion 6,631 
Fixed Equipment 3,591 
WEIGHT EMPTY 18, 616 
Fixed Useful Load 530 
Internal Fuel-Usable 9, 555 
Armament 

Bombs 2,000 

Rockets 216 

Installation 2 
NORMAL GROSS WEIGHT 30, 919 
External Tanks, Pylons, Trapped Fuel $34 
External Fuel- Usable (430 Gal.) 2, 795 


LONG RANGE GROSS WEIGHT 34, 048 
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F-102 FIGHTER BOMBER WITH EXTERNAL STORES 


In designing the F-102, the philosphy has been to produce an 
airplane with sufficient internal space to accommodate all the necessary 
equipment and armament. The object, of course, is to һауе an air- 
plane whose performance is not degraded when the armament, which 
in competitors aircraft is external, is carried. 


However, even after having followed this design philosphy, it 
is still possible to make provisions for carrying any number of types 
of weapons externally slung beneath the wing, and comparatively 
speaking, the performance is still excellent. 


On the following pages the effect of carrying bombs simultane- 
ously externally and internally, is illustrated. Missiles, rockets ог 
guns could be carried in а similar manner. 
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Ж-102А ҮТОНТЕВ-ВОМВЕВ 
0 49,300 Ft. Е. | 
NIS 00) 47,500 Ft. 
ho > р m | 
| 36,000. (3) 50,300 Ft. 
8 цэ 39,000 Ft. 9 i 
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0 © 
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DISTANCE -  N.MI./1000 


1. Take-off @ sea level. Take-off fuel allowance is 1 minute @ A/B 
power @ sea level plus 2 minutes, © normal power @ sea level. 

2. Climb to cruise ceiling. 

3. Cruise © cruise ceiling until external tanks empty. 

lh. Drop external tanks. 

5. Climb to cruise ceiling with 2 - 1000 15. bombs. 

6. Cruise at cruise ceiling with 2 - 1000 1b. bombs. 

7. Descend to sea level (no distance credit or fuel penalty). 

8. Репефгађе 50 nautical miles at military power and return. 

9. Climb to cruise ceiling. 

10. Cruise back @ cruise ceiling. 

11. Reserve fuel allowance is 5% of initial fuel plus 20 minutes 8 
maximum endurance @ sea level. 
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Ра 4. 


Ұ-102А FIGHTER-BOMBER 


MISSION D 
E 59,100 Ft. 2 @ ú | 58,300 Ft. 
ГЭВ: | ou | ے‎ 41,000 Ft. 
2 39,600 Ft. 
gom 
1 
u 
20 « 
5 
rl 
42 
10 d 
0 d ` ۱ | 9 
0 1 2 3 h 5 6 
DISTANCE - N.MI./1000 
1, Take-off at sea level. Takesoff fuel allowance is 1 minute @ А/В 
power @ sea level plus 2 minutes,@ normal power 6 sea level. 
2. Climb to cruise ceiling with 2 - 1000 lb, bombs. 
3. Cruise at cruise ceiling with 2 - 1000 lb. bombs. 
4, Descend to sea level (no distance credit or fuel penalty). 
5. Penetrate 50 nautical miles at military power and return. 
6. Climb to cruise ceiling. 
7. Cruise back @ cruise ceiling. 
8. Reserve fuel allowance is 5% of initial fuel plus 20 minutes @ 
maximum endurance @ sea Level, 
NOTE: In Mission "D" External (Droppable)Fuel Tanks are not carried 
as they were in Mission "0", 
FORM 1812-А 
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Structure 
Propulsion 
Fixed Equipment 


WEIGHT EMPTY 


Bombs 


Rockets 
Installation 
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WEIGHT SUMMARY 
F-102 FIGHTER BOMBER 
(with external stores) 


Fixed Useful Load 
Internal Fuel-Usable 
Armament 


NORMAL GROSS WEIGHT 


External Tanks, Pylons, Trapped Fuel 
External Fuel-Usable (430 Gal. ) 


LONG RANGE GROSS WEIGHT 
External Armament 


(2) 1000 Lb. Bombs 
Pylons & Ejection Mech. 


LONG RANGE GROSS WEIGHT with EXT. 
ARMAMENT 
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TRAINING 


Convair is prepared to conduct training programs to familiarize 
ground crews and pilots with the Ғ-102 and its medes of operation to de- 
velop their skills for the levels demanded to successfully operate the air- 


plane and ita allied equipment. 


SERVICE ORGANIZATION 


To back up its training program and provide for unforeseen 
provlems arising in the field Convair maintains a world wide service 
organization. Convair is capable of providing service anywhere in the 


world. 
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1.0 - Volume 1 


Тһе configuration studies performed under Bureau of Aeronautics 
Contract NOas 59-6018-с are outlined in this volume of the final 
report as performed on a supersonic cruising water-based 
attack/reconnaissance airplane. 


The recommended configuration resulting from these studies is 
described in Section 4.0, Proposed Configuration. Design features 
of this Mach 4.0 Attack/Reconnaissance Seaplane include: 


1. 
г. 
3. 
h. 
5. 


Delta type wing of low Aspect Ratio; 

Tilt wing-hull combination; 

Axisymmetric internal compression inlet; 
Individually mounted engines; 

Canard control surfaces; 

Extensible ventrals also serve ав floats. 


The design lift-off weight for a Mach 4.0 cruise mission radius 
of 2,000 nautical miles and a military payload of 10,000 lbs. is 
189,000 lbs. 
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2.0 Summary - Volume IT 


The component selection studies performed under Bureau of 
Aeronautics Contract NOas 59-6018-с are outlined in this section of 
the report as applicable to the supersonic cruising-water-based 
attack/reconnaissance airplane. 


Results of wing planform studies indicate an optimum wing with 
leading edge sweep of 55°, AR = 1.0, taper ratio of zero and a 
thickness of less than 2%. Modifications necessary to improve low 
speed performance result in higher taper ratio and leading edge 
sweep at Mach 4.0 and at Mach 4.75. 


Results of the propulsion system studies indicate an optimum 
selection (minimum take-off weight) of the W.A.D. SE-109 turboramjet 
engine with a relative ramjet sizing of 0.65 times the nominal size. 


Sustention systems are compared with consideration given to 
resistance, landing impact and system complexities. 


Meterial evaluation studies with respect to environmental 
exposure, life and corrosion properties, and structural weight 
factors result in the selection of Ti-4Al-3Mo-lV alloy for the 
Mach 4.0 application and Rene' 41 at Mach 4.75. 


Data is also summarized on the relative effects of methods of 
providing aircraft trim and on the effects of fuselage shapes. 
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3.0 Introduction 


The studies summarized in this report were conducted under Bureau 
of Aeronautics Contract NOas 59-6018-c, "Analytic and Design Study of 
a Supersonic Cruising Water-based Attack/Reconnaissance Aircraft". 


This contract, covering the period from 12 November 1958 to 
31 July 1959, stipulated a study to evaluate the basic aircraft 
parameters required for a supersonic attack/reconnaissance water- 
based aircraft capable of flight in the speed regime from Mach 4.0 
through Mach 5.0 at altitudes from 60,000 to 100,000 feet. 


In fulfilling this objective, the study was logically divided 
into two phases. The first phase, chronologically, was the analysis 
and study of suitable propulsion system installations, wing, body and 
tail configurations, and hydrodynamic sustention systems. The second 
phase consisted of the integration of the optimum results of Phase I 
into a series of realistic configurations and the comparative evalua- 
tion of these configurations. 


Phase I - Component Selection Studies 


The Component Selection Studies, which are summarized in Volume II 
of this report, include the investigations of propulsion systems, wing 
planform characteristics, and hydrodynamic sustention gear most suited 
to high speed cruising application. Consideration was also given to 
the effects on the cruise performance of body shapes and the method of 
trim control. 


Supporting data generated, such as thermal enviroment, structural 
design criteria, material selection, etc. are summarized as part of the 
Component Selection Studies. 


In general, the criteria utilized for selection of the optimum 
component was that of minimum weight and/or maximm range. For 
example, the engine selected (SE-109) under the propulsion system 
studies, was the one that realized the minimum gross take-off weight. 
In the case of the wing planform studies, the selection was on the 
basis of a maximum Breguet type range parameter. 
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In other cases, the selection is dependent on the specific con- 
figuration concept. To afford a selection and comparison basis for 
these applications, generalized data was prepared sround a spectrum 
of limit parameters. Such was the case in the hydrodynamic sustention 
system study, where the data was readily adaptable to the configuration 
studies. 


Phase ІІ - Configuration Studies 


The basic configuration studies were conducted for a 2,000 nautical 
mile mission radius with a military payload provision of 10,000 pounds. 
Mission performance was considered only with hydrocarbon fuels. 


Because of the water-basing requirement (Sea State 2), the utili- 
zation and integration of the optimum components from the Selection 
Studies often resulted in modification and compromise of these 
components. А 


Four configuration concepts were developed for comparison. These 
consisted of, at Mach 4.0: (А) submerged inlet, (В) roll over, (Е) out- 
board tail, and (G) tiltewing types. Additional variations were 
developed from concept A to determine effects with Mach number and 
Aspect Ratio changes. These consisted of: (С) Design Speed M = 3.0, 
(D) Design Speed М = 4.75, and (E) Design Speed М = 4.0, AR = 1.75. 


Thrust loading and wing loading variations were performed by means 
of an IBM 650 Synthesis Program to determine the optimum conditions 
leading to minimum weight for the configuration. 


These results, in conjunction with an assessment of the problems 
peculiar to each configuration were used as a basis for selecting the 
recommended configuration. 


Other synthesis studies were conducted to determine the effects 
of: E 


1. Payload variation (20,000 and 30,000 lb. military load). 
2. Structural and systems weight variation. 

3. Difference in drag. 

h. Design radius. 

5. Design radius with high energy fuel. 
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4.0 Proposed Configuration 


COAN 'її2.А2 


The three view of Figure 4.0-1 represents the "most optimum" 
Mach 4.0 Airplane derived under the analytic and design studies 
performed on the Supersonic Cruising Water-based Attack/Reconnaissance. 


Design features include: 


1. Delta type wing of low Aspect Ratio; 

2. Tilt wing-hull combination; 

3. Axisymmetric internal compression inlet; 
4. Individually mounted engines; 

5. Canard control surfaces; 

6. Extensible ventrals also serve as floats. 


Advantages derived from these design features are numerous. The 
engine-wing arrangement, with an aft pivot point results in a seaplane 
engine-inlet-exit location that is virtually free of salt water 
ingestion. The pivot point is located aft of the trailing edge by 
means of an internally housed chordwise beam which, as well as distribut- 
ing the chordwise bending loads, provides housing for the crew compart- 
ment and certain aircraft equipment. 


Ап aft pivot point combined with а swept forward trailing edge 
permits maximum static submergence for a floating type seaplane thereby 
approaching the minimum aerodynamically desired Puselage volume. 


The singly mounted engine arrangement permits utilization of the 
axisymmetric internal canpression type inlet with its potentially 
higher inlet pressure recovery at design Mech number and also with 
minimum cowl drag. The full circle passages of this type inlet are 
also highly desirable from a structural arrangement standpoint in 
dealing with the sustained inlet temperatures and pressures of Mach 4.0 
cruise operation. Maintenance problems are eased with individually 
mounted engines and localized hot spots associated with stacked engines 
are eliminated. 


Certain advantages are also derived in terms of equipment 
installation as noted from Figure 4.0-2 (Inboard Profile). Visual 
surfaces of the crew compartment and the crew compartment itself must 
be thermally isolated from the imposed temperature environment. This 
is easily achieved in this design by integrating the crew compartment 
into the tilting wing. 
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At design speed, during which time the aircraft will be under 
automatic control with radar and inertial inputs, forward vision is 
absent. The forward vision task during cruise, primarily that of 
collision avoidance, can best be handled electronically since for a 
reasonably high probability of detection, the time of visual detection 
range at design speed will approximate the pilot-aircraft reaction 
time. 


Side and downward vision „Will be provided at design speed, the 
extent of which will be determined by progress in high temperature 
optical materials. Forward vision at design speed to fulfill the 
psychological need could be provided by indirect vision means. 


At low speed, for take-off, approach and landing, the tiit 
wing located crew compartment yields the maximum possible visibility 
with direct vision over the aircraft nose at angles well іп excess 
of normal approach and landing altitudes. This location of the 
crew near the C.G. also reduces the severity of the transient 
vibrations transmitted during high speed water operation. 


4.0.1 Design Requirements 


The basic design requirements for this configuration that were 
contractually specified and/or discussed with the contracting agency 
are: 


1) Sustained cruise іп the flight regime from Mach 4.0 to 
5.0 at altitudes from 60,000 to 100,000 ft.; 
2) Attack/Reconnaissance Mission of 2,000 nauticel mile radius; 
3) Water Based Operation - Seal; State 2; 
h) 10,000 1b. military load; and 
5) 3.0g combat load factor and 2.5g load factor at take-off. 


4.0.2 Configuration Parameters 


The specific design parameters derived to fulfill these require- 
ments are outlined in the following table (Table 4.0-I). Тһе particular 
portion of the study wherein these parameters were derived, and the 
corresponding section of this report discussing the parameter selection 
are both noted in the table also. 


Weight estimates for the proposed configuration are given in 
Table 4.0-ITI. 
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TABLE 4.0-IT MACH 4.0 TILT WING - WEIGEE SUMMARY 


Tall and Ventrals 
Canard 

Hull 

Sustention 
Surface Controls 
Nacelle 


---- (€——————————————————M—OÀ 


Pro 018100 _ ion 
Engine 
Air Induction 
Cooling 
Lube System 
Fuel System 
Engine Controls 
Starting 


| Water Injection 


| Equipment | al 
Instruments and Navigation | 

Hydraulics, Pneumatics and Electrical 

Communications and Navigation Electronics 

Armament Installation 

Air Conditioning 


Auxiliary Gear 
Furnishings and Equipment 


_ Military Load 

Electronics 
Armament 
Armament Auxiliaries 
Crew 


Useful Load 
Oil 
Fuel 
Trapped Fuel and 011 


Total (Lift Off Off Weight) | 


Take-off Allowance | 2 
Fuel 
Water 


Ramp Weight 
Weight Empty 


< — — —s re ш и F .  —n n 


CONFIDENTIAL 


ANALYSIS C O N V A I R PAGE 10 


PREPARED ву до VISION OF БЕРСВА, OTR .جم‎ 63 CORPORATION REPORT NO. zp-285 
CHECKED BY SAN DIEGO MODEL 
REVISED BY DATE 


CONFIDENTIAL 


4.1 Mission Performance 


4.2.1 Mach 4.0 Cruise Out and Return 


The weight of the Mach 4.0 Attack/Reconnaissance Seaplane during 
the sustained cruise mission is shown in the Weight vs. Distance Plot 
of Figure 4.1-1. Altitude ув. Distance and Time vs. Distance are 
shown in Figure 4.1-2. The mission profile consists of a maximum 
power climb to design speed and altitude for L/Dngx followed by M = 4.0 
cruise at L/Dnax with an engine power setting of 85% and descent and 
loiter. Fuel for 20 minutes loiter and 5% of initial fuel are 
maintained for reserves and SFC's are marked up by 1.05. 


Distance credit is taken for the climb and descent with the 
stores released at mission midpoint of 2,000 nautical miles. 


4.1.2 Mach 4.0 Cruise Out and Subsonic Return 


The radius capability of the Mach 4.0 Attack/Reconnsissance 
Seaplane with Mach 4.0 cruise out, subsonic sea level combat and 
subsonic return is 1,680 nautical miles. The aircraft weight vs. 
distance is shown in Figure 4.1-3 Рог a return Mach number of 0.9 at 
altitude for L/Dpax. The return Mach number has not been optimized 
for maximum distance. Altitude vs. Distance and Time vs. Distance 
are shown in Figure 4.1-4. 


4.1.3 Mach 4.0 Mission with HEF 


The mission profile of paragraph 4.1.1,with HEF used for ramjet 
cruise operation only,results in a radius capability of 2,585 nautical 
miles. 


Synthesis results were obtained with HEF but are not included 
since the resulting weights were well below the limits considered 
acceptable for simulation by the synthesis equations. 
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Low Speed Characteristics 


The tilt wing concept relies on a high wing incidence to achieve 
take-off and lending lift thereby reducing requirements for high stern- 
post angles. The estimated low speed lift, drag end pitching moment 
characteristics of the configuration with and without wing incidence 
are shown in Figure 4.2-1 and are based on methods reported in 
references 1-| арӣ І-2. Тһе effect of wing lift carryover on the 
fuselage was omitted from estimates of АС, and Абу Que to the high 
wing and large wing incidence. Тһе pitching moment баба includes ап 
estimated ACmo = + .006 due to the fuselage nose upsweep. Тһе data 
shown are for а сапехд programmed to maintain constant angles of 
attack of 0°, 5° and 15° with respect to the free stream. 


(А take-off lift coefficient of = 38ء‎ is available ах а body angle 
of 7° with no flaps айй а required canard < = 3. 5° » The effect of 
flaps was estimated using the span. loading theory of reference 1- 5 
and. from experimental date on flap effectiveness on low aspect ratio 
wings. The combination of 20° of flap deflection (82/5,) = „096, 

Се/ Sune = .14), 9° wing incidence, and 79 fuselage angle results in 
es ted Cy, of 0.55 requiring 229 садага angle of attack Рог 
trim. Increased flap deflections will be limited due to water spray 
problems and will require canard boundary layer control to maintain 

effectiveness up to higher canard angles 


The incidence angle of the power planta contribute a considerable 
vertical component of lift, which for the thrust to weight ratio of 
this airplane corresponds to a AC, = .05. This effect is also shown 


Loading of 72 psf, the take-off veloctty 18 187 pecca “Бен авлаа 
and trim variation with speed аге shown in Figure 4.2-2. The take- 
off time 189 58.7 seconds and distance is 9,271. ft. Minimum 
acceleration, which occurs at hump, is .198 g's. Basic factors used 
За deriving the take-off performance are ав follows: 


А t | 71,000 108. (with water 
Remp Weight | 96,500 lbs. ~ injection) 
Lift-off Weight 189,000 118. — 
(Thrust/Weight) at Start of Take-off ‚ 363 
| Соо at Lift-off = „318 
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The shock-moünted step discussed in the Sustention System Study 
(Section 7.3) has not been incorporated into the proposed configuration 
since the weight penalty associated with the installation is much 
higher than the weights associated with the local beef-up required to 
withstand the higher impact losd factors of the rigid hull with tilt 
wing. The relatively light lending weight at impact load factors will 
generally be less critical than for flight conditions particulerly 
with honeycomb and sandwich type construction except for fittings, 
attachments, etc. Ево 


Further study of take-off loadings is required to determine the 
final trade-off of weights in this area. 


CONFIDENTIAL 


نی ندال FORM‏ 


SIC AES XE inia 


1 sed її: 


— 


Бази L 


4 
1 
سن‎ ыы. : 


е, SET کے‎ 1 
TE 


=> A Lu. 


po mee. oW 


15 


Баала фа ШАШ 


NN 


АГ 


CONFIDENT! 


1 Н 

مس ہے ای نت а:‏ == — لے 
ддс‏ 
1 
Г.‏ 


- . 3 ` + - 
43 QU. ака аке a H Pe EC: : 
23 ұзап ХУЛ, МА-А Ы " 
سے و ۔‎ === 22 NOU ہے‎ x femp IL 
+ : ч А sS та : : h б 


3 à H т хо Я 
Ba и n Ko -- ` = р -+ 2 2-2 + Ї mad aas 4 
| ' Ч + – +. - 2 йн 52 4 2 
Р жар саң — Я 203 1 ~ t سو‎ H : 
- Ades а. шээг —À НОРА Hee .- STEEN БШШШ. کر‎ SEL М ы E - 02 adc Ман 
3 ٠ nd. А . - £ =. e- : 
я А ээтэн ху o] c رفا‎ s; и РА : H = 


k 

р 

1 
фен | и O E E 

+ 


де а 
1 - : 
21-06 Г 1 و ہ‎ 2,74 an : 
i! Р i ` : : x 3 لی‎ 
I : e ہر رر‎ — А 
: T 2 і TEE. 1 : = 
E: | 3. ۱ 2222 САН а. Utd SPS 2 | 
А s -і т! NN | ine I 
t : 2 : IN | ۱ : 
1 -— ساس ب مل کا سس لی لس د ق لقا‎ 
А | . 235333 : Y | : ہے‎ A 
y 25 . =.: лж m => 5 . "der m 2 
1 H КЕ 2 š 4 DRESS. . в " D 
и : š 1 А | 1 | f Eos PEE t 
: | b and d. dero дер В UM ТЕ: Де {ү ZEN г 
. ОЛ Е prg . num d. и күл 1 
А ! i- 40 | , 4 р ' ЭРЭН [>] ! 
4 -41- =- bom мн کت 1 ست‎ оса مض‎ ~ .---, форт! | ! а ; 
t - | : i | А : ' 0 
e Lo cbe مہ‎ КЕРУЕН Е = ! Эн .. > 
+ 1 
ug 


------ رد شر ہد بش بح ںہ رہ —— 


шэг зо ж “ІНЕ фи В [т RS 
1 a d. а 


edm соғ ka no ریم یھ‎ — $ 2 
ДГ и 1 
i le 


| 


ge 7 
eport Мо. ZP- 285 


Ра 
R 


_| 
< 
سم‎ 
= 
لا‎ 
C) 
Li. 
2 
О 
O 


E cm ھت‎ 
: Hp ge 


8198 union. E ИЧЕ >... ва 


—— 
' 


НЯ ҮНЭН 
ий 


جج ددع 2308217 


hammer | = ВОЈО ہے چس‎ 
- 
133541 


Te ee 
Н: 
НЕ 


--—-— = ~ 


259 


№5. ZP- 


Р 
Y 
СЕС 


E 
S X 


Fo f fi 0 


15-686 


— س 


зээ 1409 ہ‎ овалан 
нэм Ti SHL GA O1 XO! 


zo 


reca 


2- 71 


ANALYSIS 
PREPARED BY 
CHECKED BY 
REVISED BY 


C O N V A I! R РАсЕ 20 


А DIVISION OF GENERAL DYAAMICS COBPDRATION REPORT МО. ZP-285 
SAN DIEGO MODEL 
DATE 


CONFIDENTIAL 


4.3 Design Speed Characteristics 


Drag estimates on the Mach 4.0 Attack/Reconnaissance Seaplane 
were based on the sum of the estimates of skin friction drag, wave 
drag, and drag-due-to-lift. 


Longitudinal stability characteristics were estimated based on 
linearized theory and checked using published results on several 
similar configurations. 


4.3.1 Skin Friction Drag 


FOAM 10125482 


The skin friction drag of the total configuration is computed as 
the sum of the friction агада of its components assuming a fully 
turbulent boundary layer. The camponent Reynolds numbers were 
calculated at several altitudes corresponding to the Mach number- 
altitude Plight path in order to minimize the error due to large 
altitude variations in the proposed flight schedule. 


Resulting values of skin friction parameters are as follows: 


SN жакшы — -.- - 


Component 
Wing 
Fuselage 
Pods and Pylon 
End Plates 
Vertical Tail 
Canard 


Von Karmen's equation for the coefficient of skin friction with 
а fully turbulent boundary layer (C, - 0-855/ (Това oN) 27, reference 
I-h) was used to estimate the incompressible skin friction coefficients. 
The compressible skin friction coefficients were determined by the 
method described in reference 1-5. Тһе skin friction ratio Ce/C 4 Was 
obtained from а curve plotted versus Mach number for various walt 
temperature ratios, T » Where Ce 18 the average turbulent skin 
friction coefficient, Cp, is the incompressible turbulent skin friction 
coefficient, Ta is the wall temperature and Ті is the initial tempera- 
ture. The skin friction ratio increases with decreasing wall temperature 
ratio and decreases with increasing Mach number. This curve was 
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obtained by using the Т! method of Rubesin and Johnson and applying 
the Karman' Schoenher incompressible flow equation. The equilibrium 
surface temperoture (Т,) was determined from reference 1-6 for гл ell 
turbulent boundary layer and ап emmisivity of 0.9, one foot aft of 
the leading edge. 


The results of the analysis are as follows: 


m— ے۔۔‎ = 


(Ry/ft )x1076 


aa Ln =) ka 
кю بعد‎ ш: 


.00746 


3.04 .00198 .001980 
1.46 .00215 ‚001618 | .00610 
1.36 . 00218 .0013) .00505 
1.12 .00227 001149 | „0033 
Š 90,000 0.83 . 00247 «00800 


The skin friction drag is plotted versus Mach number on Figure №.3-1. 


4.3.2 Wave Drag 


A wave drag correlation procedure (reference I-7) based on the 
configuration normal area distribution was used to estimate the wave 
drag at M = 1.0 and M = 1.2 and the supersonic wave drag variation 
with Mach number was determined from a comparison of available data on 
several similar configurations. 


The maximum wave drag was calculated to be .0058. The variation 
with Mach number is also shown on Figure 4.3-1. 


4.3.3 Drag-Due-To-Lift: 


грам пика 


The subsonic drag-due-to-lift was estimated from available test 
data on low aspect ratio wings and wing-body combinations. A spanwise 
efficiency factor of 0.73 was determined which results in a ub Of 
0.467. The supersonic drag-due-to-lift (Figure 4.3+2) was estimated 
from an examination of data gathered in a correlation of various 
theories with experimental data (reference I-8), from the theoretical 
results of the Harmonic Method outlined in Volume II of this report 
and from test results of similar wings reported in the literature. 

No attempt was made to account for scale effects in predicting basic 
drag-due-to-lift. 
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4.3.4 Longitudinal Stability Characteristics 


грам 1818-А2 


The longitudinal stability characteristics of the Mach 4.0 Attack/ 
Reconnaissance Seaplane were estimated based on linearized theory and 
checked using published results on several similar configurations. Тһе 
component center of pressure variations with Mach number, up to a Mach 
number of ~ 1.2, were estimated using the method of reference 1-1, The 
estimated aerodynamic center variation with Mach number is shown in 
Figure 4.3-3 for the configuration with and without the canard surface. 
The theory indicates that the a. c. should continue to move aft with 
increasing supersonic Mach number as a result of wing body interference 
effects, while the opposite trend has been obtained experimentally on 
many configurations, (Reference 1-9 through 1-11} Accordingly, the 


а.с. variation with Mach number for the wing-body combination in the 


range 1.2 - 4.0 яав estimated from available test data on similar 
wing-body configurations and is shown as a dotted line in Figure 4.3-3. 
The forward shift in aerodynamic center due to the canard surface at 
supersonic speeds was determined from linearized theory. 


As can be seen from the estimated a. c. curve for the complete 
configuration with a fixed canard, the allowable low speed center of 
gravity is forward of 15% mac. With a maximum forward fuel c.g. of 
25% mac, a significant forward c. g. travel and attendent cruise trim 
drag penalty results requiring consideration of various means of 
altering the stability margin variation with Mach number. 


Since from the standpoint of directional stability at high Mech 
numbers it is desirable to have some vertical surface outboard and/or 
under the wing, a natural solution to both the longitudinal and 
directional problems is folding wing tips. The estimated rearward 
а. с. shift subsonically with the addition of an outboard wing panel 
formed by extending the wing leading and trailing edge to a pointed 
tip is shown on Figure 4.3-3. With the tip folded 90° to the wing 
chord plane at high subsonic speeds and maintained there for high 
speed acceleration and cruise, the improvement in high speed 
directional stability is provided and the a. с. variation from sub- 
sonic to supersonic speedswis reduced. Іп addition to these benefits, 
the 55% increase in effective wing aspect ratio at subsonic speeds 
would improve the available lift at take-off and landing, and improve 
the subsonic muise and loiter performance. 
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Although the use of folding wing tips appear to provide sub- 
stantial aerodynamic benefits, the addition of an auxiliary device 
required to improve the static lateral stability of the configuration 
in the water 16 considerably complicated when folding wing tips are 
used. For this reason the proposed configuration is shown with 
fixed vertical surfaces at the wing tips for directional stability 
considerations and the longitudinal problem is solved by relying on 
the use of a "free floating canard" (or a canard to act as a free float- 
ing surface) for low speed flight. With this system the configuration 
longitudinal stability can be essentially that of the wing body 
combination except for the destabilizing effects of canard-body and 
canard-wing interference. One possible stability augmentation device 
which can be used with such a canard is the so-called "а - bob" which 
was studied in some detail for application to an advanced P-106 
version (reference 1-12). In this device an equivalent angle of 
attack signal (i.e., approximately equal to П//а) is generated 
mechanically by a q-spring suspended bob-weight, and the canard driven 
based on this signal to provide the desired degree of stability. At 
some high subsonic Mach number the system then reverts to direct 
pilot control with the configuration stability determined by the Pixeds 
сарага а. c. variation with Mach number shown in Figure 4.3-3. 


The М = 4.0 cruise characteristics of the tilt-wing-fixed-canard 
configuration are shown in Figure 4.3-4. From available test data on 
the effects of fuselage nose deflection the configurations upswept 
nose was estimated to provide A Cu. +.007 at M = 4.0. Ав can be 
seen from Figure 4.3-4, this 18 sufficient to provide trim at a 
Cr, = -10 with a stability margin of 34. Тһе effect of canard 
deflection on lift, drag, and pitching moment is also shown in the 


figure. 
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k.l Mach 3.0 Configuration 


The Mach 3.0 Attack/Reconnaissance Seaplane shown by the three 
view of Figure 4.4-1 and the Inboard Profile of Figure 4.4-2 was 
prepared prior to the development of the Mach 4.0 Tilt Wing 
Configuration. The version shown was therefore selected on the 
basis of the minimum weight indication аб that time. That wes the 
leading-edge submerged inlet version in comparison with the roll- 
over version. 


As is noted in Section 9.0 of Volume II, the basic engine 
Selection studies performed at Mach 3.0 were directed towards 
cammercial type application. The engines considered were primarily 
those under development at the present time or study refinements of 
these engines. Ав a result, the Mach 3.0 engine selection (STJ-194A, 
21009 F. turbine inlet temperature; proposed by Pratt & Whitney) is 
| based оп а more conservative basis with respect to calendar time апа 
also with respect to the operational time within an engine develop- 
| ment cycle. 


| Ав а result, а direct comparison of the estimated take-off 
weights for the Mach 4.0 Configuration and the Mach 3.0 Configuration 
is based on different engine development levels. 


The sustained cruise mission profile for this configuration is 


the same as for the Mech 4.0 seaplane of Section 4.0 except for the 
difference in operational speed and altitude. 
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TABLE 4,8-1 
[ MACH 3.0 VERSION WEIGHT SUMMARY 
, Structure 0 > 2 = سا‎ 10,175 — 
Wing 17, 400 
! Tail у 2, 860 
| Сапага | 1,650 
Hull. | 10,750 
Sustention 4,3 
Surface Controls | 1,650 
| Nacelle 1,485 
Propulsion ہے ری بی ہت‎ si _ 26,860 _ 
ГО Engine ^^ 17,400 
Air Induction 6, 280 
Cooling 100 
| Lube System | 200 
' Fuel System 2,480 
| Engine Controls 200 
| Starting | 200 
| Equipment, , | г x 4 " 7,700 ` 
Instruments and Navigation | 300 
| Hydraulics, Pneumatics and Electrical 1,900 
Communications and Navigation Electronics 1,500 
Armament Installation 800 
Air Conditioning 2,000 
Auxiliary Gear | 100 
Furnishings and Equipment | 1,100 
_ Military Load Р _ 10,00 ` 
Electronics | 4,160 
' Armament 5,000 
| Armament Auxiliaries 300 
Г Сгеч | 50 
Useful Това : _ ہپ‎ — 14,065  . 
: 011 200 
| > Puel 143, 365 
! Trapped Fuel апа 011 500 
— se И ы ee М. ы کی یہ‎ ве رس‎ a 
Total 228,800 
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4.5 Devel nt Pro 


A broad outline of the development program for the Mach 4.0 
Supersonic Cruising Attack/Reconnaissance Seaplane is given in 
Figure 4.5-1. Initial fleet availability is estimated to be 6 1/2 
years from the initiation of the program. A two year research and 
development program is included for coping with the expected problem 
areas. 


Development programs for the SE-109 engine and the air induction 
system are indicated in Figure #.5-2. Тһе engine program is for the 
development of the JP fuel version considered primarily in this study. 
An additional three months (totel = 54) is required for development 

| of tbe ҢЕР version. 


| 4.5.1 General Problem Areas 


Certain problem areas concerning materials, design, fabrication, 
and structural proofing are present independent of the specific 
configuration. These problem areas are primarily a function of the 
environmental temperature. Of primary concern is the development of 
materials and material fabrication techniques to realize an efficient 
structural to gross take-off weight ratio. 


4.5.1.1 Materials 


Considerable progress has been made in the immediate past on the 
development of new materials to satisfy the need for strength and 
stability at high temperature. This work is continuing with further 
progress to be expected. Dependable mechanical properties of the 
materials necessary to support this Mach 4.0 Seaplane should be 
available in the near future. 


4.5.1.2 Design 


Designing for sustained flight at the temperatures and times 
considered will require a change in design philosophy. Considerable 
design information has been gained through research and development 
programs, but the majority of aircraft engineers have had no need for 
delving into this information. Thus, the education, or rather, re- 
education, of the design engineers to design for high temperatures 
appears to be a major problem. 
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As the size of the specimen to be tested increases and the test 
requirements become more stringent, the test cost and time factor 
increages at & greater rate. No definite value can be assigned to 
this increase at this time. 


4.5.1.5 Material and Fabrication Status 


Many of these problems are currently under intensive investigation 
as related to Mach 3.0 aircraft in development. It is expected that 
ваше of the problems mentioned here will have been solved within the 
time period of this Attack/Reconnaissance airplane through research, 
knowledge and training gained from related projects. 


4.5.2 Potential Problem Areas - Tilt Wing Configuration 


Some unique relationships of the tiltewing configuration indicate 
the requirements for preliminary testing to verify the engineering 
estimates that have been made. Other factors of potential difficulty 
can be resolved through careful and judicious design. In the first 
group are aerodynamic and hydrodynamic model testing requirements. In 
the second group are factors such as sonic fatigue effects on the wing 
lower surface as caused by the engine and the mechanization of the tilt 
wing. 


4.5.2.1 Aerodynamic Testing 


СМ Аг 


The proposal submitted by Convair оп this Supersonic Cruising 
Attack/Reconnsissance Aircraft Study portrayed a two phase study. 
Phase А, consisting of analytical and design studies, is summarized in 
this report. Phase B of the proposal outlined а wind tunnel test 
progrem. 


This vind tunnel program 16 required to confirm engineering 
estimates in two specific areas. At low speed, very sparse information 
is available on low aspect ratio tilt wings. Experimental work in this 
area will be in addition to that described in Phase B of the proposal. 


The effect of wave drag on the airplane gross take-off weight is 
discussed in Section 6.4 and is shown for a configuration other than 
the tilt wing in Figure 6-5. In this case, a 10% increase in wave 
drag resulted in an increase in take-off weight of almost 20%. 
Although some increase in aerodynamic efficiency will be realized 
during the development period of this airplane, a verification of the 
design estimates is necessary to assure the characteristics of the 
airplane presented herein. 


CONFIDENTIAL 


ANALYSIS 
PREPARED BY 
CHECKED BY 
REVISED BY 


C O N VA I В PAGE 55 


А BIVESIGH DY ĠENERAL DYNAMIGD CONFPORATION REPORT NO. 2Р-285 
SAN DIEGO MODEL 
DATE 


CONFIDENTIAL 


The adverse effects of high temperature оп the strength апа 
rigidity of an aircraft are not fully mown. Some predictions can be 
made in this area, but the problems associated with each specific 
configuration will be different dependent on the airplane and the 
utilization of the airplane. 


In addition to the basic material and design problems, the 
determination of an economical balance between airframe weight and 
strength, although necessary for any new aircraft, is expanded due to 
the magnitude of the step forward. 


4.5.1.3 Fabrication 


In the fabrication area, one of the most imposing problems will 
be "learning to live" with the materials to be used. Тһе extensive 
use of any new material, ог a new alloy of the same basic material, 
inviariably present manufacturing problems. Also, changes in design 
philosophy, due to the temperatures involved, will require the solving 
of a great many unlmowns before a useful article can be produced. 


Some of the manufacturing problems requiring investigation include 
forming, machining and joining of the materials selected, processing 
methods, quality control standards and inspection procedures. 
Fabrication sequences will require revision to accommodate the changes 
in design and joining methods used. This will also affect ell tools 
used, from those used for the manufacture of the detail parts to those 
used for the mating of major components. 


Welding, both resistance and fusion, is expected to be the joining 
method used for aircraft of this type. The development of welding 
techniques and the training of a large number of people as welders also 
will be required prior to fabrication. 


4.5.1.4 Testing 


FORM 1212-анй 


Considerable progress has been made in the amount of testing 
involving load-temperature-time relationships. Component testing to 
obtain design information under these conditions is now being 
performed. The basis on which to project the requirements for testing 
а major component of this aircraft is known. Necessary test equipment 
and power supply would be the limiting factors. 
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4.5.2.2 od с Testi 


Two specific areas of concern appear to warrant hydrodynamic 
model testing of the tilt wing configuration. The first is the 
generation of spray by the engine exhuast impingement on the water. 
Considerable thrust-generated water splash-up will occur in the 
vicinity of the wing trailing edges. Although this may have an 
adverse resistance effect at pre-hump speeds, the engine effects may 
reduce any tendency of water roll-up on the afterbody at high speeds. 
This would be favorable fram the standpoint of resistance and 
directional stability. 


The second area is the relatively undesirable location of the 
wing tip floats. The floats, which also serve as ventral surfaces, 
are located approximately 30 feet aft of the airplane C.G. With such 
а location, the floats are vulnerable to damage in yawed landings. 
Adverse bow-down pitching &ccelerations st landing may also be 
expected with this float location. From the standpoint resistance, 
the floats will be additive ав they are either immersed or will be 
Spray targets throughout the take-off run. 


The floats will directional stabilize the airplane to the extent 
Of adversely affecting low speed water handling characteristics, 
however, the extension feature of the float lends itself to a control 
system where the pilot could steer the seaplane by varying float 
extension. 
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4.6 Vehicle Evaluation 


The inherent abilities of the seaplane, and the geographical position 
of the major threat couple together to indicate a potential advantage for 
the Attack/Reconnaissance System. 


The advantages accruing from water basing lie in the inherent ability 
of seaplanes to employ any suitable water area for landings and take-offs. 
Specifically, this ability results in increased dispersal, survival and 
operational flexibility of the systen. 


The geographical distribution of water and land masses, and the 
influence of the North Pacific Current and the Gulf Stream provide a 
peripheral zone surrounding the threat suitable for year around seaplane 
operation with the exception of the limited Northern Arctic sector. The 
outlying islands, the extensive inland seas and sheltered waters afford 
a multitude of suitable sites for seaplane operations. 


Realization of this well dispersed operation requires the develop- 
ment of mobile, independent and self-sustaining tender basing complexes 
in conjunction with the Attack/Reconnaissance System. Further flexibility, 
permitting deeper penetration in many cases, can be realized by submerged 
refueling sites at strategic locations. 


Previous studies (Reference 1-15) have indicated over 100 potential 
mobile basing sites. These sites are distributed among various орега- 
tional theaters as West Europe, Mediterranean, Middle East, South East 
Asia and Japan. Additional sites would be available in seasonally 
favorable weather. 


The many water basing sites available for operation not only forces 
the enemy to dissipate defenses to counter the omnidirectionel threat, 
put poses the difficult problem of initiating a coordinated world-wide 
surprise attack on all bases. 


In general, these sites are located in a band extending fram 600 
to 1500 nautical miles from the boundaries of the threat. Closer 


locations are included when area defense are presenb such as in Japan 
and the British Isles. 
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This peripheral basing arrangement, coupled with the 2000 nautical 
mile range of the Attack/Reconnaissance Seaplane wil) yield penetration 
distances ef from 500 to 1400 nautical miles and greater from those 
bases protected by local defenses. Greater penetration will also be 
realized through utilization of submerged refueling sites located in 
nearest return friendly waters. 


With this penetration capability, a high percentage of targets 
lie within striking distance. The potential targets within the sphere 
of operation of the Attack/Reconnaissance System include airfields, 
naval installations such as bases, ports, and shipyard facilities, 
naval forces and missile launching installations. 


Operational capability in the reconnaissance mode would be expected 
to be high with the exception of missile launching sites and possibly 
the naval forces. The relatively small sizes of these targets require 
high resolution capability of the sensing device and may limit detection 
to very clear weather operation. : 


With pre-recomnaissance information on missile launching instal- 


lations and а limited area location of naval forces, operation in the 
&ttack/reconnaissance mode should result in a good capability. 
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5.0 Configuration Development 


The evolutionary process of arriving at an optimum airplane to 
perfora the design requirements of mission radius capability and payload 
capacity requires the numerical investigation of the performance capa- 
bilities of а large number of configurations and configuration variations. 


The Synthesis Program, described within this section, in utilizing 
digital computing techniques greatly facilitates this type of evaluation. 
Advantages are derived not only in the decreased analysis time, but in 
the capability of arriving at optimum design points for each of the 
configurations under consideration. 


Three basic configurations were developed and investigated in the 
synthesis studies. These consisted of: (A) a partially submerged 
underwing inlet version where the inlets contribute to static flotation 
and auxiliary inlets are used for take-off and landing; (B) a roll-over 
concept where the crew would be located in a rotating capsule; and (9) a 
hull version with s tilt-wing to provide take-off altitude. ‘The fourth 
version, (YF) Outboard Tail-NASA Configuration , initially prepared for 
synthesis analysis, was discontinued prior to machine investigation. 


Other variations compared in the configuration studies include a 
М = 3.0 and a M = 4.75 version of the (А) configuration and а М = 4.0, 
aspect ratio = 1.75 version of the (A) configuration for determining 
the airplane effects for improved low speed performance. 


5.1 Parametric Study Factors 


The nominal configuration variables required for optimizing a given 
design consist of the wing loading and the thrust loading. These are in 
addition to the wing planform parameters and engine sizing factors 
developed from the component selection studies. 


The development of a family of curves in these two variables 
requires a minimum of 9 configuration designs with corresponding engine 
airframe sizing for satisfying the mission requirements. Additional 
investigations may be required if the chosen limits do not produce an 


optimum result. 
When this development 1s applied to а number of distinct configu- 
rations and to а mmber of improvement variations on each configuration, 


the design and analysis task becomes unwieldy, and in attendance with 
this, subject to error. 
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This complexity 18 considerably reduced by the use of automatic 
computing machines. 


2:2 Synthesis Progrem 


The designation of "Synthesis Program” refers to the digital 
computing machine processes used to size an engine and an airplane 
combination to meet a certein set of design requirements. Because of 
the nature of digital machine functions, extensive investigations into 
the relationship of design variables may be made. Design and parameter 
variations can be examined to determine those combinations resulting in 
the most "optimum" over-all configuration. 


In this study, the synthesis approach was used to compare configu- 
rations, determine the best thrust and wing loadings for these configu- 
rations, and to derive incremental gross weights as a result of changes 
in design radius, design payload and fuel type. 


«2.1 8 sis = General Description 


The digital machine synthesis program utilized in this study vas 
originally prepared to permit three distinct modes of operation. These 


modes are: 


1) Synthesis Program: For the given design mission, both the 
engine and airplane size are variables, values of which аге 
determined by the machine to satisfy the mission. 


2) Fixed Engine Progrem: Same as 1) except that the airplane 
size only 18 varisble. 


3) Analysis Program: The engine and airplane are both fixed 
with the variable being mission radius capability. 


A simplified flow chart of the mission calculations for the 
synthesis analysis is given in Figure 5.2-1. This synthesis analysis 
mode was used almost exclusively threughout this study for both the 
parametric and the propulsion studies. 


Airplane weight and volume, aerodynamic characteristics and engine 
performance are expressed in equation form for machine processing. 
These equations are such that the airplane and engine size can be 
variables determined by the machine to accomplish г given mission. ‘The 
accuracy or completeness of the analysis equations is limited to same 
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extent by the storage limitations of the ГВМ 650 machine utilized. 
However, machine calculated mission performance results have shown 
good agreement with hand calculations, and the program is considered 
adequate for preliminary design studies. 


A numerical description of each configuration is prepared on the 
basis of a preliminary design layout. The drag, weight and volume 
constants are described for the machine equations. Constants for the 
engine equations are determined from engine manufacturer's specification 
performance reports, adjusted for pressure recovery and additive drag 
losses (Section 7.2.1.1). 


Constants which describe the mission, i.e., climb path, design 
speed, initial cruise altitude, engine cruise power setting, etc., are 
also required as input data. 


The basic mission specified for this study consists of (Figure 
5.2-2): 


1) Warm up, take-off, and accelerate to climb speed - fuel 
allowance based on one minute's maximum power operation 
(plus assist when required), and five minutes of normal 
rated power operation; 

2) Climb and accelerate on engine limit line to design speed; 

3) Climb at design speed to altitude for maximum L/D ratio; 


4) Cruise to 2,000 nautical miles, distance of 2) + 3) included, 
at altitude for maximum L/D; 


5) Weapon release; 
6) Return (at design speed) at altitude for maximum L/D; 
7) Descent (6 + 7 = 2,000 nautical miles) 


8) Fuel reserves for 20 minute loiter, plus 5% initial fuel. 


.2.2 Synthesis Pro - Equations 


FORM (312-47 


The equations used to represent the "rubberized" configuration 
consist of expressions for the drag, weight and volume distribution 
and the engine performance. 
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The total drag coefficient is expressed in the program as the sum 
of minimum drag and drag due to lift (induced drag, including trim 


drag); 
; 2 
C = С + K (G. = де )< 
р ОТ р "" L L 
where, 
C = minimum drag coefficient 
Dain Е 


К = induced drag factor - ہت‎ cî- incluäes mark-up 
to account for trim drag 


Ст, в trimmed lift coefficient 
AC = С at 
а ар дан 


S The minimum drag consists of skin friction and wave drag. Skin 
friction drag, including camber drag, is assumed constent with Mach 
number up to the start of the drag rise, and decreases with Mach number 
in the supersonic region. The subsonic value is determined from: 


Su Sm, бүт, ЖЕЛЕ 
| = С.о ме + ме + wett ¿g مور + کے‎ = + AC 
De Е ШЕГЕ Sy Sy | бе 5, 086 в, "i 


Ср = over-all equivalent friction coefficient 


Svett 
2 |—— + .. + Ja wetted area ratios of wing, horizontal 
Sy 1 and vertical tail 


Geus ре/ б, = wetted area ratio of the fuselage 
a ғ. 3/5 = wetted area ratio of the nacelles 
пас `o Ч 


Аср, = camber drag 


x 
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The constants describing the wetted area relationships of airplane 
components are determined from preliminary design layouts of the study 
configurations. This expression for the wetted агеа ratios allowed the 
Wing area, Sy, equivalent fuselage diameter, D, and sea level static 
thrust, Fy, to be "rubberized" in the synthesis process. The terms of 
the expression were derived to allow the configuration to vary in size 
while still mainteining 155 geometric similarity. 


The camber drag is estimated from available wind tunnel tests on 


similar cambers. Тһе friction drag decrease with Mach number in the 
supersonic range is expressed by: 


= р / 3 
Cp, سط‎ E + CM + CAP + суд! 


sup 
where Co, Су, С С. are based оп the friction drag fall off with 
Mach number اس ھن‎ dsing the method outlined in Section 4.3.1. 
Reynolds mumbers are based on the initial configuration layout, 
assuming no large effect from changing airplane size. 


The maximum wave drag of the configuration is calculated in terms 
of a frontal area to wing area ratio by: 


е т D/L + GS. + ч | 
ЕМЕЛ 


where, 
С, = wave drag coefficlent based on frontal area 


w D* = frontal area of the fuselage at the maximum cross-sectional 
1+ area of the total configuration (Station х) 


0,5, = frontal area of the wing at Station x 


бак, = frontal area of the nacelles at Station х 
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The constents in this equation are determined from M = 1.0 area 
distributions of the initial configuration layout. In this study, Cp, 
was determined from М = 1.0 area distributions by the empirical max 
method of Reference I- 7 , and was assumed to occur st М = 1.2. The 
variation of Со, with Mach number is calculated by: 


су ء٥‎ (G, + OM + саг + cM’) 


Youp Мола 
% “O (5+ CoM) 
trans max 


where the variation with Mech number is determined from wind tunnel tests 
of similar configurations. 


The estimated drag-due-to-11ft was largely based on available wind 
tunnel tests of similar configurations. Мо scale effect was applied to 
the basic wind tunnel data. The effects of trim were included as & 
mark-up of the untrimmed drag-due-to-lift, and were determined from 
preliminary longitudinal stability analyses of the configurations using 
the method of Reference I-| . The equations used in the computer аге: 


К = K ub 


Kerim = буу + CoM + сізуе for supersonic Mach numbers 


= constant for subsonic speeds 


AC, = AC, = constant for subsonic speeds 


AC = Cl, + CM - transonic 


= supersonic 
вор 


where the constants were determined for the initial configuration. 
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‚2.2.2 Weight and Volume Relationships 


The total weight and volume relationships, derived from preliminary 
design layouts, are expressed in equation form to allow the configuration 
to be “rubberized” in the synthesis process. The take-off weight 
equation is: 


+ W. + И + Wop * Wes + W, + W, + W, * Wapa 7 W 


Wro = Weix + Wp + Ив вс 
where, 
Чимх = total weight of items that remain fixed independent of 


aircraft size for a given configuration and mission, i.e., 
crew, furnishings, electronics, etc. 


Wp = weight of available fuel 

Wp = weight of weapon load 

Wop = powerplant installation wéight = Кор Fo + Ка Fl 8,2 
where Ро = sea level maximum installed thrust, Kop = engine 
weight constant, Kan: nj and По = constants describing 
variations in air induction and nacelle weights. 

We, = weight of fuel system = Ko пр + Kesk 


where Крај = basic fuel system weight and Keg - Keak/ V po 


2 
570 1.15 
Wy = wing weight = Ky ЕҢ š (Sy) 


where НС. = design wing loading арі K, = constant for а 
given wing planform. 
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Wy = weight of horizontal and vertical tail = Ky, + Кор |S, 
= tai gh gn 
where Кер + Қт! tail weight of basic desi 
Sub 
= = 3 m^ 
Wa hull weight = K D? + Ке (K. W.) 
where Кү = weight of basic رم تحص‎ D = equivalent hull 
diemeter at station of maximum cross sectional area of the 
total configuration, Қ. = theoretical combat weight 
Wto basic 7 0.10 We basic? App = hull weight factor 
based on weight of the basic hull. 


Макі = weight of sustention gear = Ket p3 


where Која = ski weight of basic design/D, 3 
Мас = Weight of surface controls = K (8.)'22 


< ве 
where Кос = surface control weight of basic design/ CN 
Two separate equations are available for the kull volume relation- 
ships, one when the hull 8126 18 set by the volume requirements of fuel, 
payload, etc. (volume limited case) and the other when the hull size is 
determined by static flotation requirements (flotation limited case). 


The hull volume equation for the volume limited case is: 
Vh Уа + Уви + Урр + Vun t Veix 


Үн = total hull volume = Сұр3 
where С, = hull volume of basic design / تہ"‎ 


Мур = volume of fuel in hull with allowance for structure, 
expansion space, and fuel system = CpWp - Сур 3/г 


Хи 
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where Cp = fuel volume constant = 1/0.9 x fuel density (1b/ Ft3) » 
Ср = wing fuel volume constant 


= gross volume for fuel in basic desi 
3/2 
Бир 


volume of full cavity Рог sustentlon system 
Ca D3 

3 
where C pg = ski cavity volume in basic design/(D,,) 


volume of power plant installed in the hull = Cop Fo 


where ہے‎ = power plant volume in basic design/F, 
unusable volume in the hull - Cun D3 


where C p = unusable volume in basic design/ (D,)3 


fixed hull volume requirements independent of aircraft 
size including items as crew compartment, electronics, etc. 


The flotation limited case is described by: 


o VW‏ = تھ 


B TO 


رس 


where 


W q z take-off weight 


Ср = (в, (۷ of basic design 
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The actual operation performed in the synthesis process is the 
simultaneous solution of two of the following equations: 


(1) Wp = (Кока + қ)? + Ко (8,)' 22 + K; Еш g 1-39 " 
+ (Ки + Кл) Sy + Ко Е, + Ка Fo Sy 2 + Keg We 
+ Ке (Ko - Че) + Көр + Weis 


(11) D3 = Cg Ито = Cp (Fg + Wp + Wp) - flotation limited саве 


(111) DJ = Cell, - Cue (5,)3/ е + Сор Fo + Vpix Volume limited case 
Cn 7 Caki - Cun 
9.0.2.3 Engine Performance 


The engine performance, corrected for installation losses (Section 
7.2.4), is expressed in equation form by polynomial representation as 
determined through an IBM 704 curve fitting program. 


Maximum power performance is expressed as: 


Fy Am 
ғ, m *9 + xM ғ... + “ә” + “СА + v AM + wee + “10 AM + “іі 
шах 


АЗ + <, бАЗМ + ad АЗ? 


+ «у АМ + 145 + < A2M3 + 7 


2 


+ xg" + “19 АМ + «ад? 


SP. = Po + Pay + ... + RA +... + Во? 


where A = altitude/10,000 


CONFIDENTIAL 


грам 1012-87 


ANALYSIS 
PREPARED BY 
CHECKED ВУ 
REVISED БҮ 


CONVAIR PAGE 50 


A D уо OM G? اد مم ےت‎ DYNA Ch CORPORATION REPORT NO. zp-258 
SAN DIEGO MODEL 


CONFIDENTIAL 


The descent performance utilizes the same form of equations as for 
the maximum power operation. 


Partial power cruise performance is expressed as: 


/ Ші: \ / ` // > // 42 
Em "A 53, | ; = got P, j = A t B3 ! لے‎ \ 
ہج‎ | | | | | 
` 1 N | N sx ! ` М ax Е: 3 N ax у / 

^ i ~ P 

Loiter partial power performance is expressed as: 
| онако plr! уво Хэв, Го € ха / p У 
| SFCaescent/ / n o ^1 LEE | 2 Е | 3 ( F | 
Nb i Хаах / “ N ax, / 


5.2.3 Synthesis Program - Resulta 


TORM 1472 ао 


Output data from the ІВМ 650 аге punched onto IBM cards at the епа 
of each loop (Figure 5.2-1) во that the operator can monitor the progress 
of the calculation. The final mission analysis results are also punched 


out. 


The results from each machine run are sufficient to provide а 
complete weight - distance and altitude - distance mission profile for 
the configuration generated to perform the mission. 
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Confi tion Investigation 


The process of development of supersonic seaplane configurations 
can be based on two distinct design philosophies. The first is to 
develop a purely aerodynamic configuration until an optimum design is 
realized. In this case, the effects of water basing are ignored 
throughout the design's preliminary stages. The design is then 
modified for water basing. 


The second approach develops basic configurations for water 
basing throughout the study with every attempt made to minimize the 
water basing effect. 


In general, the first approach is not satisfactory because of the 
inherent inter-relationships between the hydrodynamic requirements and 
the aerodynamic and other design requirements. In the case of the 
component selection studies, this method was applied since the items of 
major interest (engine and wing performance) are relatively independent 
of the basing concept. 


The configuration developments, however, have been based upon 
utilizing the component selection results with the incorporation of 
minimum water basing modifications. The primary problems involved do 
not lie in the components themselves, but rather in the geometric 
arrangement of the components. Іп particular, the ever present problem 
of engine location with seaplanes exists. 


A comparison of synthesis investigation results along with the 
inherent problems and disadvantages of three basic configurations has 
resulted in the selection of the tilt-wing version presented in 
Section 4. 


6.3.1 Configuration Concepts 


FORM 32 


The configurations prepared for synthesis investigation have been 
developed around the SE-109 engine as determined from the Propulsion 
System Studies (Section 7.2.3) and a wing planform of AR = 1.0, leading 
edge sweep of 68.1° and a taper ratio of 0.20, as indicated by the Wing 
Planform Studies (Section 7.1.4). However, some additional wing 
compromises beyond that for low speed arise as a result of the specific 
application. 
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The basic configurations developed include а submerged inlet 
version (Configuration A, Figure 5.3-1), where the inlet is located 
under the wing leading edge. The inlet is sealed off for water- 
borne operation when auxiliary inlets would be used. Particular 
advantages occur with this arrangement in the reduction of hull 
cross-section required for flotation by utilizing a portion of the 
large air induction system volume for the static flotation requirements. 


A positive wing incidence of 3° is used to increase the available 
take-off lift coefficient of the low AR (1.0) wing. ‘The wing planform 
choice of Section 7.1.4 was further modified to accommodate the leading 
edge type inlet installation. 


A forward control surface (canard) is used to reduce the trim drag 
during the supersonic cruise phase and to make possible consideration 
of wing flaps for take-off and landing. The canard is placed high on 
the upswept body nose to take advantage of the favorable pressure field 
created by the expanding fuselage nose, to reduce the effect of the 
canard wake on the inlet, and to relieve canard-wing interference. 


The positive “tig shift due to the upswept body nose has been shown 
by tunnel test results to provide 5% to 6% improvement in trimmed L/D 
at cruise for configurations of this type. However, the subsequent 
incorporation of direct vision capability for low speed manual aircraft 
control will result in less improvement. 


Fuselage cross-sectional shape, and, to some extent, fuselage 
volume are dictated by hydrodynamic considerations and represent weight 
and drag penalties due to water basing. No attempt was made to isolate 
these penalties since it would involve many design considerations, 
including body cross-sectional and volume changes, wing and power plant 
relocation, ski vs. landing gear weight, etc., requiring a completely 
new configuration layout. 


Twin vertical tails (tail volume coefficient 0.1) are placed 
outboard of the canard span to take advantage of favorable side wash 
outboard of the canard wake. 


An alternate arrangement of Configuration A, not developed here, 
which permits a further decrease in aircraft volume, is a version with 
a lowered engine (with respect to the water line) with tilt-up of the 
engine axis for lending and take-off. The problems associated with 
an inlet duct joint at the temperatures and pressures of the flight 
regime, as well ав the mechanisms involved іп the engine tilting and 
control linkages ylelded preference to the version considered. 
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The second version developed for the configuration synthesis 
investigation solves the difficult seaplane power plant location 
problem by placing the inlet-engine package above the wing in the 
take-off and landing regimes, and 'rolling-over" or inverting the 
airplane for normal flight (Configuration B, Figure 5.3-2). Тһе 
crew compartment remains upright during conversion by ад internally 
rotating capsule. 


In addition to the improved inlet location for cruise, the 
vertical tails are in а more favorable flow field beneath the wing. 
However, these configuration advantages over version A are somewhat 
offset by the increased fuselage volume required for flotation and 
by the fact that the favorable upswept fuselage nose-canard arrange- 
ment is not possible. Тһе aircraft inversion also requires designing 
the structure for negative load factors comparable to the positive 
normal requirements thus resulting in increased structural weight. 
With the use of honeycomb type of construction envisioned for this 
class of vehicle, this weight increment amounts to a 2.5% factor 
applied to the basic bending material. More detailed analysis would 
also introduce other factors in the dual systems requirements where 
liquids are involved. 


Partially offsetting the trend to higher weight is the shorter 
propulsion system installation. 


A third version considered in the synthesis studies is the tilt- 
wing arrangement (Configuration G, Figure 5.3-3). A lower sweep - 
higher aspect ratio wing was initially used to reduce the root chord 
and, hence, the travel of the tilt mechanism. 


The tilt-wing concept permits а greater potential percentage of 
submergence with the engines underslung forward of the wing and also 
permits consideration of the hull sustention system with lower hump 
speed and resistance. 


The upswept nose advantage can be retained with location of the 
crew canpartment under the center wing leading edge. Such a location 
provides excellent low speed visibility with no high speed penalty. 
From а water-basing standpoint, the crew is located in a more prefer- 
able location near the C.G. with respect to imposed transient loadings. 
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High speed vision is limited to the side and downward regions. 
Foreward vision could be provided by auxiliary means, however, at 
design speed, object detection and collision avoidance cannot be done 
optically. Electronic means must be provided in any case. 


The shortened forebody and single aft vertical tail result from 
balance considerations. Additional directional stability must be 
provided by ventral fins. 


A fourth concept, developed around the NASA “Outboard Tail 
Configuration” was prepared initially for synthesis investigation 
(Configuration Е, Figure 5.3-4). The weight penalty incurred in the 
wing, boom and tail structures to withstand boom and tall water loads 
on take-off and landing appear to be large enough to offset the increase 
in cruise L/D with this configuration (Section 7.4). Dynamic consider- 
ations and non-uniform flow across the inlet for off design performance 
would also introduce development problems in this design. 


Other concepts were briefly investigated, but were not developed 
further because of complexity, varying aerodynamic parameters (pitch- 
up) or severe spray problems. Included here were configurations 
utilizing concepts of rotating wing tip-engine-ventral sections, 
pod-pylon engine rotating from ађоуе the wing for take-off and landing 
to below the wing for flight, and tílt pod-pylon engine packages 
projected forward of the leading edge. 


5.3.2 Configuration Comparison 


The configurations developed as input for the synthesis investi- 
gations into thrust loading and wing loading were nominally sized for 
а gross take-off weight of 200,000 108., thrust to weight ratio at 
take-off of 0.1 and а design wing loading at start of cruise of 50 psf. 
These values were chosen as а result of the indications of the 
Propulsion System Studies at Mach 4.0, the speed at which the configu- 
ration studies меге conducted. Some variation was introduced as 
results became available. 


Mach 1.0 area distributions and wetted area ratios were prepared 
and weight and volume allocations were estimated for defining Configu- 
rations A, B and G in equation form for the synthesis investigation. 
The weight comparison for the synthesis input configurations is given 
in Table 5.3-1. 
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Summary results of the machine runs with these configurations are 
shown in Figure 5.3-8, with variations of take-off weight with wing 
loading and thrust loading. The mission profile used in these runs 
consists of an engine Mach limit climb to Mech 4.0, а Mach 4.0 climb 
to altitude for (L/D)... end (1/0) „х altitude cruise to the 2,000 
nautical mile radius point, а 5,000 lb. weapon release, an (Т/П) ах 
altitude return cruise, an (L/D)... power off descent, and a 20 minute 
loiter at 25,000 feet. Five percent reserves were retained and engine 
specification SFC's were marked up by 1.05. 


As indicated in Figure 5.3-8, Configuration A results in a lower 
weight airplane and optimizes at a lower thrust to weight ratio. 
Higher power settings on Configuration G giving a lower thrust to 
weight ratio resulted in insufficient thrust for climb and acceleration. 
The lower weight and thrust loadings of Configuration A are directly 
due to the lower wave drag permitting a smaller power plant selection 
because of the improvement in climb-acceleration performance. The 
increased wave drag of Configurations B and G is due to the increased 
volume needed for flotation. The higher aspect ratio-thicker trailing 
edge of Configuration G contributes to the wave drag. Drag-due-to-lift 
for the.Configuration G wing is also increased primarily due to the 
lower leading edge sweep. Both of these effects result from the shorter 
root chord desired for the tilting arrangement. 


At the power settings corresponding to the "optimum" thrust to 
weight ratio for versions А and B, and particularly the Configuration А 
where the "optimum" occurs at the 95$ power setting limit chosen to 
provide maneuver capability at cruise speed, the thrust loadings are 
too low for unassisted take-off consideration. 


5.3.3 Configuration Selection 


А general configuration comparison requires, іп addition to the 
relative design weights, consideration of the problem areas associated 
with each design as well as a critical review of the potential improve- 
ments possible with each configuration. Table 5.3-ТТ lists the projected 
take-off gross weights, specific problems and advantages of each 
configuration. 


The projected take-off gross weights are based on the synthesis 
results with consideration given to the take-off requirements of fuel 
and augmentation. Synthesis results on Configuration A and B were also 
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reviewed for the addition of a forward located crew compartment 
projection in terms of drag and the increased weight required. 


During this review, an inconsistency of input data on 
Configurations А and В was noted. A machine re-run on Configu- 
ration A yielded the point A, of Figure 5.3-8. (The comparative 
data, of Figure 5.3-8 remains valid, but the absolute magnitudes 
for Configuration A and B data are in error by this increment). 
This increment is included in Table 5.3-II for Configurations A 
and B. 


A comparison of the specific problem areas end potential 
advantages;, as noted in Table 5.3-IV, indicates the tilt-wing 
version to be preferable. However, this is not sufficient to 
compensate for the greater weight of the tilt-wing configuration. 


Re-examining the factors contributing to the higher gross weight 
of Configuration G indicates that a more optimum wing is required 
and thatthe volume requirements of flotation must be reduced. 
Incorporating the "Compromise Wing" of Section 7.1.4 as used on 
Configuration B resuits in an increased travel required for the tilt 
mechanism. This, however, can be lessened by building incidence into 
the wing relative to the body which in turn provides а more adverse 
effect of the contracting sternpost fuselage area under the wing. 
Since a step is required hydrodynamically and must be retracted in 
flight, this adverse effect can be eliminated by extending the step 
further. 


The critical requirement of static flotation of Configuration G 
is considered to be the clearance of the wing trailing edge. The 
specific clearance required must be determined fram powered model 
tests considering the posting area necessary for spray and the engine 
exhaust. In preliminary work, a value of approximately 20 inches 
has been used at the inboard trailing edge. 


A reduction in fuselage cross section can be obtained by moving 
the wing pivot point aft while holding the clearance on the trailing 
edge. Preliminary investigations indicated that modifications in 
these two areas, the wing and the hull flotation can result in a take- 
off gross weight competitive with that of Configuration A. 
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5-34 Design Speed Comparison 


The primary range of speed for this investigation was from Mach 
4.0 to Mach 5.0. In addition, information generated under Convair 
studies has been included at Mach 3.0. The investigation results, 
derived on Configuration A prior to completion of the configuretion 
selection studies, are shown in Figure 5.3-9 for Mach numbers of 3.0, 
1.0 and 4.75. The reduction from Mach 5.0 to 4.75 is discussed in 
Section 7.2. The engines considered at Mach 5.0 are limited due to 
requirements of water injection or to fixed altitude operation in the 
cage of the engine selected, the SE-109. At M = 4.75, SE-109 engine 
operating limits permit an (L/D), cruise rather than the constant 
altitude (90,000 ft.) at Mach 5.0. 


The results of Figure 5.3-9 cannot be cross-plotted to provide 
gross weight versus speed because of inherent differences in 
component characteristics. 


At Mach 3.0, (Configuration C, Figure 5.3-5), the engine 
resulting as optimum (Section 9.2) is not directly comparable to the 
SE-109 series engine. Under the Convair funded studies in the Mach 
number range from 2.0 to 3.0, the turbojet counterpart of the SE-109 
(SE-105) was not considered. Therefore, а comparison between Mach 3.0 
and Mach 4.0 is on the basis of a different propulsion system. 


At Mech 4.75, (Configuration D, Figure 5.3-6), initial analysis 
of material capabilities indicated а working stress level for titanium 
of 85,000 psi vs. the 100,000 psi level at Mach 4.0. Further investi- 
gation of material properties, while confirming the value at Mach 4.0, 
resulted in а design level of 45,000 psi for titantium at Mach 4.75. 

On a strength weight basis, where titanium is desirable at Mach 4.0, 

а material such as Rene' hl becomes desirable at Mach 4.75. Тһе 
structural weight allocations of Table 5.3-III for the M = 4.75 require 
an additional 7% increment to account for these material properties. 


The weight ratio of 1.68 of the Mach 4.75 to Mach 4.0 design fran 
Figure 5.3-9 will therefore be further increased. Because of this 
rather large increase in design weight for only a small increase in 
design speed, the final design studies were conducted at Mach 4.0. 


‚3. Аврес% Ratio С arison 


сем تفم‎ 


Results of the wing planform studies (Section 7.0) have indicated 
a, deorease in the range paremeter for an increased aspect, ratio wing. 
Specific configuration results on the submerged inlet version were 
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obtained for an aspect ratio of 1.75 (Configuration Е, Figure 5.3-7) to 
determine the trade-off for improved low speed performance. The weight 
breakdown for Configuration E is given in Table 5.3-III. 


The aspect ratio variation results for a design speed of Mach 4.0 
are shown in Pigure 5.3-10. The actual difference in gross take-off 
weight will befurther increased on the higher aspect ratio version by 
additional take-off assist requirements due to "optimizing" at a lower 
take-off thrust to weight ratio. 
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_Configuration 


Structure 
Wing 
Tail 
Canard 
Bull 
Sustention 
Surface Controls 
Nacelle 


Engine 

Air Induction 
Cooling 

Tube System 
Fuel System 
Engine Controls 
Starting 
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011 
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Tail 2, 300 2, 880 
Canard 1,770 1,740 
Hull 9, 850 10,915 
Sustention l, 800 5,450 
Surface Controls 1,530 1,530 
Nacelle 2,220 1,855 

Propueion | ______ _ __ | 23,265] 19,510] 23,160 | 19,200 
Engine 27 | 16,000 | 11,480) 13,500 | 11, 
Air Induction N, |, 085 1,850 6,090 1,580 
Cooling 100 100 1820 100 
Tube System 200 200 200 200 
Fuel System 2,480 2,480 2,850 2,440 
Engine Controls 200 200 į 200 200 
Starting 200 200 | 200 200 

Equipment 7,700| 7,1001 1,700 | 7,700 
Instruments & Navigation 300 300 300 300 
Hydraulics, Pneumatics & Electrical 1,900 1,900 1,900 1,900 
Communication & Navigation Electronics 1,500 1,500 1,500 1,500 
Armament Installation 800 800 800 800 
Air Conditioning 2,000 2,000 2,000 
Auxiliary Gear 100 100 . 100 
Тара ватре & Equipment 1,100: 1,100 1,100 
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5.4 Tilt Wing - Synthesis Analysis 


Раим 1013-42 


Тһе improvements in the tilt wing configuration discussed in 
Section 5.3.3 are incorporated into the version shown in Figure 5.4-1. 
These improvements consisted of: а lower aspect ratio (1.0) wing with 
greater leading edge sweep (68°), actually the modified wing from the 
wing planform studies (Section 7.1); and, moving the wing pivot point 
aft. 


In conjunction with these changes, the fuselage volume was 
reduced as far as possible with the retention of approximately 20 
inches clearance at the inboard trailing edge with respect to the 
static water line. 


A design speed of Mach 4.0 was used for this final version as 
indicated in Section 5.3.4. 


The welght breakdown derived for synthesis input of this configu- 
ration is given in Table 5.4.1. Provisions were included for water 
injection at take-off, since initial runs indicated a low thrust to 
weight ratio at take-off as a result of the decreased drag of this 
configuration, 


Results of the synthesis studies on this Mach 4.0 tilt wing 
configuration are shown in Figure 5.4-2. The mission basis for this 
investigation consisted of: 


) 5 Minute military power fuel allowance (added); 

Engine Mach limit climb from Mach 0.9 to Mach 4.0 at 
maximum power; 

Maximum power climb at Mach 4.0 to the altitude for L/Dyaxi 
Cruise at L/D,,4; to 2,000 nautical miles; | 
Weapon release; 

Return L/Dyg, cruise; 

Decelerate and descent (power off); 

20 Minute loiter at 25,000 ft.; 

Descent and land with 5% reserves. 


С0-4 сл ری ج‎ ro ни 
l. > 


хо 
~ 


Тһе take-off allowance of one minute maximum power liquid 
consumption consisting of fuel and water is treated as an overload 
condition during static and taxi operation. 
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Data of Figure 5.4-2 as plotted against the ratio of nominal SLS 
thrust to lift-off weight includes effects of weapon weight and 
effects of reduced tolerance on the A Wop/Wap and A Wp/ Wg loops of the 
synthesis program (Figure 5.2-1). 


Initial analysis points on this tilt wing configuration were 
obtained with a weapon weight of 1,000 lbs., compared to the design 
value of 5,000 108. Repeating the analysis with the design weight 
resulted in a series of gross weight points which indicated that 
curves drawn through the respective weapon weights would cross. 


A close inspection of the computed weights during the machine 
analysis of the mission profile indicated that the scatter of the 
take-off weight points was in the direction of the tolerance on the 
aircraft weight empty. A reduction in the tolerance on A Wr/W., from 
.01,; to .005 was introduced into the machine program and points were 
obtained at a stores weight of both 4,000 lbs. and 5,000 lbs. as also 
shown in Figure 5.4-2. The curves of the figure are drawn through 
these "improved" points. 


It is considered thatthe variation obtained with the initial 
tolerance was due to the relatively low empty weight in comparison 
with the lift off weight (a ratio of .332). 


5.1.1 Tilt Wing Design Parameter Selection 


Prior to the selection of the “optimum” or minimm weight 
configuration, the take-off performance of the airplane was 
investigated. The resistance ratio at hump speed was estimated to 
be 0.245, while the "optimum power setting selection" point yields 
а Nominal 515 Thrust to Lift-off Weight ratio of 0.28. This "optimum 
power setting” is at 95% of maximum power, used as an upper limit to 
provide a maneuvering margin. This ratio of resistance to thrust at 
hump is unacceptable. It results in take-off times in excess of 100 
seconds and in considerably less than .lg acceleration at hump. 


Corresponding to the power setting selection of 0.95 of maximm 
power for cruise, the optimum design wing loading is 60 psf at start 
of cruise. Two direct methods of improving take-off performance are 
decreasing the wing loading and increasing the engine size. 
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Investigation indicated that & variation in wing loading from 
60 psf to 55 psf would result in an increase in take-off gross weight 
of less than 1% for а 1% decrease in take-off speed along with а 
decrease in take-off time. А wing loading at start of cruise of 55 psf 
was therefore chosen. 


In order to attain a take-off time of 60 seconds or less, the 
take-off-thrust to weight ratio required was estimated to be of the 
order of 0.36. А direct increase in engine size to attain this thrust 
loading results in an airplane growth of 1.13 over the optimum engine 
size selection (Figure 5.4-2). Іп terms of lift-off weight, where in 
Figure 5.4-2, the normalizing factor of 200,000 lbs. has been used, the 
optimum aircraft with a thrust to weight ratio of .28 grows from 184,- 
000 106. to approximately 206,000 lbs. to satisfy take-off requirements. 


Because of this rather large penalty, engine performance capabilities 
and assist methods were reviewed. Direct auguentation by means of liquid 
rocket assist was considered unsatisfactory primarily from the standpoint 
of logistics. The use of auxiliary turbojet engines for take-off add to 
aircraft camplexity with the requirement of retraction for high speed 
flight which is compounded with respect to a satisfactory location on 
в seaplane. In addition, the auxiliary engine installation weight will 
cause a substantial growth in aircraft weight. 


The fixed weight variation curve of Figure 5.4-2 was generated to 
provide ап assist in comparing take-off augnentation methods. With а 
thrust requirement of the order of 15,000 lbs. and an estimated 
installed thrust to weight ratio for an auxiliary turbojet of 12 to 1, 
an airplane growth of 1.065 results. Тһе penalty is not ав large as in 
the case of primary engine increase since the optimum primary engine 
performance basis is unchanged and the aircraft drag basis is not 
changed. 


The static installed engine and inlet performance was reviewed 
to determine potential areas of improvement. Inlet tests have shown 
that the static pressure recovery of 0.85 for sharp lip inlets can be 
increased to 0.90 by means of blow-in doors or а translating cowl. 
For the SE-109 engine, this represents an increase in SLS installed 
thrust of 8.54. 


Additional deta received from the engine manufacturer on the 
SE-109 with water injection shows ап augmentation factor of 13.38. 
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Incorporation of the improved pressure recovery and of water 
injection for take-off results in & basic nominal SLS thrust (.85 
pressure recovery) to lift of weight ratio requirement of .305 to 
yield a take-off time of the order of 60 seconds. The thrust to 
weight curve of Figure 5.4-2 includes allowances for plumbing, spray- 
bars, etc. and shows a relative take-off weight of .945 or a lift off 
weight of 189,000 lbs. for а growth of 1.025. Liquid requirements of 
fuel and water for the one minute take-off allowance аге treated as 
an overload condition. 


5.4.2 Design Selection Summary 


The gelection of the design parameters for the proposed configu- 
ration. results in a small compromise in high speed parameters to 
realize acceptable take-off performance. Ап engine larger than that 
required for cruise is used with take-off augmentation provided by 
water injection. Тһе wing area 18 also increased to reduce the 
take-off velocity. 


Selected d sign parameters are: 
1) Wing loading at start of cruise ш 55 psf 
72, psf) 


2) Power setting at start of cruise = 85% 


П 


(Wing loading at lift-off 


This results in a lift-off weight of 189,000 lbs. compared to slightly 
less than 184,000 lbs. for the optimm cruise parameter selection of: 
f oc 


1) Wing loading at start of cruise = 60 psf 
(Wing loading at lift-off = 76 psf) 
2) Power setting at start of cruise = 95% 


The major portion of the increased weight is due to the lower power 
setting. 


Liquid allowance for take-off, treated as an overload during 
water-borne operation, consists of one minute operation at maximum 


power. This allowance consists of 2,300 lba. of fuel and 5,200 lbs. 
of water giving a ramp weight of 196,500 lbs. 
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Тһе lift-off weight variation of this configuration with design 
mission radius is also shown in Figure 5.4-2. (The relative take- 
off weight is normalized at a value of 200,000 lbs.) 
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МАСН kh. О TILT WING SYNTHESIS I INPUT WEIGHTS 


Sustention 
Surface Controls 
Nacelle 


Propulsion 
| Engine 
| Air Induction 
| Cooling 
Lube System 
Fuel System 
Engine Controls 
Starting 
Water anges on: 
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Instruments and Navigation 
Hydraulics, Pneumatics and Electrical 
Communications and Navigation Electronics 
Armament Installation 
Air Conditioning 
Auxiliary Gear 
| Furnishings ana “Вандан 


_Military Load _ 
Electronics 
Armament 
Armament Auxiliaries 

Crew 
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6.0 Mission Parametric Variation 


Parametric mission studies were conducted in addition to the 


configuration studies described in Section 5.0. Specific requirements 
included an examination of the designs to determine the effects of 
increasing the military payload to 20,000 and 30,000 lbs. fram the 
basic 10,000 lbs. Other investigations were made into the effects of 
mission radius, incremental weight increases in either systems or 
Structural weight values and in wave drag increments. 


All даба derived in this section was based on the submerged inlet 


configuration. This work was done during the configuration selection 
studies to provide directional data in the final selection. 


6.1 Military Payload 


The basic military payload of 10,000 lbs. was divided into а1- 


lowances for crew, attack/reconnaissance electronics and equipment, 
electronic-countermeasure equipment, armament and armament auxiliaries 
of 550,.2060, 2100, 5000 and 300 lbs. respectively. For the 20,000 
and 30,000 lb. military payloads, the weight increases were assumed 
to be in the armament group. 


Volumetric requirements of the armament loading, required as 


input to the synthesis program, were derived from Figure 6-1. 
Installation volumes required for missiles ranging in weight from 500 
to 30,000 lbs. were determined and а line was faired through the known 
points. 


Actual volumetric requirements were not critical for the configu- 


rations studied, however, specific missile shapes could require changes 
in configuration lines. 


The volume requirements from Figure 6-1 indicate 350 cu. ft. for 


a 5,000 lb. armament load and epproximately 700 cu. ft. for both the 
15,000 and 25,000 lb. armament. This equal volume requirement at the 
higher welghts results from changing the missile loading from a cruise 
type ASM to an air-launched ballistic missile. 


Effects of increased payload on gross take-off weight are shown 


in Figure 6-2. In each case the armament is dropped at the 2,000 
nautical mile radius point. 
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6.2 Mission Radius 


The mission radius requirements are, as yet, undefined for the 
time period under consideration. The nominal 2,000 nautical miles 
was chosen as it provides a high percentage of target coverage for 
peripheral seaplane basing (Section 4.6). 


Gross take-off weight variation with mission radii from 1,500 
to 2,500 nautical miles is shown in Figure 6-3. 


6.3 Fixed Weight 


The effecta of increasing fixed weight on gross weight are shown 
in Figure 6-4. This data was derived specifically to provide an 
indication of the effects for any required take-off augmentation on 


the over-all 


take-off gross weight. In addition, the data provides 


an indication of the airplane growth with systems changes. 


6.4 Wave Drag 


The effect of increased wave drag for a given configuration on 
the gross take-off weight is shown in Figure 6-5. An increase in 
wave drag requires an increase in the engine size and a rather large 
increase in take-off weight. This effect is also noted in the power 
setting variation results of Figures 5.3-8 through 5. 3-10. 
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INTRODUCTION | 


The existing F-106A airplane is designed to meet the requirements of 
а 375 n. mi. area intercept mission, as well as certain speed and 
altitude guarantees. Тһе design basis of this aircraft has been to 
accomplish the above requirements with internal fuel only. External 
tanks may be carried, however, as defined by model specification 
2:3-0-005. These tanks are for the "ferry" condition only and their 
чве із presently restricted by the following conditions: 


1: Maximum design speed is Mach Мо. = 0. 95 


2. Load factors аге reduced іп symmetrical and unsymmetrical 
maneuvers when tanks are carried. 


3. Tanks are Class I, non-combat tanks. 


These tanks may be used for range extension of the area- 
intercept mission provided the tanks are dropped during the 
subsonic cruise out, prior to accelerating to supersonic speeds, 
or start of combat. 


If this airplane is used for a "supersonic dash" or point interceptor type 
of mission, it is to ре expected that the tactical radius will be seriously 
reduced or if the present Royal jet external tanks are used that they 
will of necessity have te be dropped at the top of the climb regardless 

of whether there is any fuel remaining. 


In view of the above, Convair was requested to make an informal study 

to investigate the tactical advantage of range extension, on an all ош 
mission, throuzh the means of additional fuel, either internal or external, 
and the possible benefit of using "so-called" supersonic tanks. For 

the purpose of the study, the following ground rules were adopted: 


1. А "supersonic dash" mission which includes take-off, climb 


to 40, 000 ft. and cruise out to interception point_jusing full 
military plus A. Э. power. 
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INTRODUCTION (Continued)' 


if the interception point occurs at a greater radius than can 
be obtained by supersonic dash only, then the distance would 
be covered by an optimum combination of subsonic cruise 
and supersonic dash. i 


Return by most economical means. 


If external tanks are to be carried in the combat mission, 
they shall not be dropped in day-to-day training or tactical 
identification missions. 


It is assumed that combat tanks would be compatible with 
supersonic flight but that they would be dropped prior to 
actual combat in the case of hostilities. 


Various combinations of internal and external tanks, both subsonic and 
supersonic have been studied to determine the optimum configuration 

for a typical air defense problem. Ап operations analysis study 
(Convair Report ОН-8-43) has been made and is included ав an addendum 
in the back of this report. A typical SAGE Sector was used with the 
expected 1959-60 interceptor squadron deployment against Mach 0.9 
bombers at 40, 000 ft. The effect of radar range of 390 n. mi. and an 
extended radar range of 600 n. mi. was examined. 


In order to provide for supersonic flight С.С. control, the existing 
internal tanks of the Е-106А have a greater fuel capacity than required 
for the area intercept.wmisston. By increasing the capacity of Tank #1 
and including the capacity of the aft transfer tank, it is possible to 
increase the internal fuel load of the airplane by 300 gallons at a small 
cost of minor changes to the fuel system. Тһе importance of the 
additional internal fuel із shown іп this study. 
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INTRODUCTION (Continued) 


No allowance is made in this study for increased strength due to higher 
combat weights or increased stiffness as a result of external tanks 
carried at supersonic speeds. Е is assumed that reduced load factors 
would be acceptable in the early part of a flight wherein the fuel is 
used at a much greater rate than would be the case in the area-intercept 


mission. 


Allowance has been made, however, for the increased internal fuel 
plumbing; stronger ejection and local reinforcements for attachment 
of supersonic tanks; and increased tire and landing gear strength for 
the higher take-off weights. И adopted, some of these weight items 
would be reflected in a degradation of the altitude performance of the 


basic aircraft. 


None of the features presented herein are presently being incorporated 
in the F-108À airplane. 


This study is limited in scope; a more detailed study of all aspects 
of the aircraft and its performance in conjunction with the air defense 
problem should be made prior to incorporation of any of the revisions 
to the aircraft discussed ру this report. 
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SUMMARY 


1. Addition of either internal or external fuel to the Е-106А 
increases its radius of action and supersonic dash capabilities. 


2. The addition of fuel will however tend to reduce the combat 
ceiling, time to climb, and zoom performance and the addition of 


weight to the basic airplane will сїї ес! the guaranteed ceiling. Therefore, 


any consideration of adding external tanks or internal fuel will have 
to weigh the conflicting performance requirements. 


3. 300 gallons of fuel can be added in the existing internal fuel 


tanks by making minor changes to the fuel system. 


4. The existing Royal jet 230 gallon external tanks are for Ше 
"ferry" condition only and cannot be used for a tactical mission 
extending into the supersonic regime because they are restricted to 
M = , 95. 


5. А new 230 gallon supersonic tank would allow flight in the 
supersonic regime. This would be an advantage in allowing training 
at supersonic speeds without dropping tanks. 


8. Addition of supersonic tanks to Ше airplane would dictate 
a wind tunnel and flight test program to determine accurately the 
effects on performance, stability and control. 


Ч. The effect of several possible modifications оп the supersonic 
dash radius at 40, 000 ft. can be summarized as follows: 


(а) Е-106А 140 М. М. 
(b) Е-106А plus two 230 та]. 
subsonic tanks 190 
(с) F-106A plus 300 gal. 
internal fuel 195 
(d) [йет (c) plus two 230 gal. 
subsonic tanks 260 
(e) Item (c) plus two 230 gal. 
supersonic tanks 219 
(f) Item (c) plus two 550 gal. 
supersonic tanks 385 
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SUMMARY (Continued) 

Therefore it is evident that the desirable amount of additional fuel 

cannot be defined on the basis of supersonic dash radius only. 

8. For a typical air defense problem (a raid оп New York), the 


following percentages of combat available interceptors can engage іп 
the battle: (based on the 6 configurations studied in this report). 


Configuration Radar Range 
390 п. mi. O00 n. mi. 


1. Clean airplane (existing F-106A) 85%, 85%, 


2. (1) above plus (2) 230 gal. 
subsonic tanks 


14% 91% 
3. (1) above plus 300 gal. internal 
fuel 
4. (8) above plus (2) 230 gal. subsonic 
tanks 
87% 100%, 
5. (3) above plus (2) 230 gal. supersonic 
Тап в 
б. (8) above plus (2) 550 gal. supersonic 90% 100% 
tanks 
0, A significant increase in tactical effectiveness is obtained 


by adding fuel up to and including the 300 gallon internal plus (2) 
230 gallon external tanks. The gain, by adding fuel beyond this point, 
is insignificant for the conditions studied. 


10. For the conditions studied, the use of larger 550 gal. supersonic 
tanks appears to be unwarranted because as the radar coverage is 
increased, more time is available for subsonic cruise out and fuel 
requirements become less critical. 
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SUMMARY (Continued) 


11. Тһе percentages shown in (8) above are based on a limited 
set of conditions. No consideration has been given to such conditions 
ав altitude extremes, target variations, ECM, multiple pass 
capabilities, and evasive action. 


12. Most of the tactical advantages of the heavier configurations 
are gained from those interceptors based great distances from the 
defended area. The more conservative approach of limiting recruiting 
to squadrons based close to the defended area reduces greatly the 
advantage of the heavier fuel configurations. Тһе external tank equipped 
aircraft show little or no distribution advantage over the 10, 010 1b. 
internal fuel clean airplane because their advantages are gained late 

іп the air battle. 


13. Though the 230 gal. supersonic tanks appear to have little 
advantage over the subsonic form in supersonic dash radius or tactical 
effectiveness, the supersonic form 18 to be preferred because of the 
higher level of training permissible during peacetime operations with 
the aircraft in the alert status configuration. 


14. Е should be pointed out that the use of supersonic tanks on the 
Ғ-106А will involve additional programming in the SAGE system. 

Since all peacetime missions will be flown without dropping tanks whereas 
wartime missions will drop tanks when empty, two different configurations 
with substantially different performance characteristics must be 
controlled. Ав а result, it will be necessary to have two tactical mission 
programs stored in the SAGE computer. In addition it may be advisable 
to have a program using a clean airplane for pilot training at higher 
performance such as live missile firing practice. 


15. This study assumes use сап be made of various amounts.) 

of subsonic and supersonic ¿speed cruise-out to take advantage of the 
optimum of maximum radius and minimum time of intercept for distances 
beyond the supersonic dash radius. Programming of the SAGE computer 
to utilize this capability may be elaborate and unreasonably complex. 
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18. Considerations of Ше use of any external tank as a standard 
tactical configuration, under the assumption that the tanks are dropped 
prior to combat, should include the problem of attaching and refueling 
new tanks during the required fifteen minute turn-around period, as 
well ag the additional communications required to maintain cognizance 
over which aircraft are in each configuration. 
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In order to determine the optimum configuration for the "supersonic dash" 
mission, various combinations of additional internal fuel and external 
tanks have been studied. These include both subsonic and supersonic tanks 
and are shown below ctogether with fuel capacities and takeoff weights. 


тоа | T.O. | 
Configuration ‘internal | External | Fuel-Ib. | Gross Weight] . 
1. Basie #-106 A Airplane 1240 У 8060 | 33,125 
(по tanks) 
|2. Basic + (2) 230 gal. tanko| (1240| 490 10960 36,360 


(existing Royal Jet tanks) 
(limited fuel usage in climb) 


|8. Basic + 300 gal. internal 1540 - | 10010 | 35,125 


4. Basic + 300 gal. internal 1540 | 460 12909 38, 400 
| + (2) 230 gal. subsonic 

tanks (improved fuel usage 

in climb) 


5. Basic + 300 gal. internal 1540 460 12909 38, 550* 
+ (2) 230 gal. supersonic | | | 
tanks | | 


6. Basic + 300 gal. internal | 15401 1100 | 17134 | 43,750% 
+ (2) 550 gal. supersonic | | 
tanks | | | 


ж Based on rough area estimates. | 
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MISSION RASIS 
Performance of the above 6 configurations was determined for the 
"Supersonic dash" mission. А detail breakdown of the mission із as 
follows: 
1. Warm-up, take-off, and accelerate to climb speed (standard 
Mil. Spec. allowance, i.e. 1 minute at military plus afterburner power 
plus 2 minutes at normal rated power at sea level). 
2. Climb on course to 40,000 ft. altitude, military plus afterburner power. 


Cruise out at best cruise speed at 40, 000 ft. altitude. 


с. 


4. Accelerate on course to М = 2. 0 at 40,000 ft. altitude. 
9. Continue at M = 2. 0 to point of intercept at 40, 000 ft. altitude. 


6. Combat 2 minutes at M = 2. 0 at 40, 000 ft. altitude, military plus 
afterburner power. 


Ч. Cruise home at best cruise вресі and altitude. 
8. Reserve fuel as specified for A.D.C. performance charts, i.e. 


5 minutes operation at sea level at traffic pattern power plus 5 minutes 
at cruise altitude at maximum continuous power. 
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MISSION ПАТА 


The above mission was plotted on the basis of radius versus time to 
point of intercept for the six configurations studied. 


The sample plot on the following page shows how these plots were constructed. 


By varying the amounts of subsonic and Mach 2 cruise in the above mission 
a locus of radius versus time to point of intercept point can be established. 


The upper end of the curve represents the case with subsonic cruise out. 
The lower right hand corner of the solid portion of the curve represents 
the case with acceleration to Mach 2 cruise out. 


For the lower solid portion of the curve the supersonic tanks are dropped 
when empty, then the airplane accelerates to Mach 2 and continues to the 
intercept point. 


Any intermediate point on the solid portion of the curve can be obtained 
by various combinations of subsonic and Mach 2 cruise. 


The lower dotted portion of the curve represents the case where tanks 
are dropped at the top of the climb before beginning acceleration to Mach 2. 


Intermediate points between the lower dotted and solid portion of the curve 


can be obtained by dropping the supersonic tanks with some fuel remaining, 
after varying amounts of acceleration with tanks attached. 
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The plots on the following two pages show radius versus time to point 
of intercept, for the six configurations studied. 


The subsonic cruise out portion of the curves has been omitted for 
clarity. 


These curves are the basis for the operations analysis study included in 
the back of thís report. 


Note that the important point on the curves 18 the lower right hand corner. 
This represents the maximum supersonic radius that can be obtained 
and іп the least time. 
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The following table shows the weights, usable fuel, and tank drag 
numbers used as a basis for the mission calculations. ` 


Configuration 221 2 3 4 | 5 6 
Take-off Gross Weight lb. 33125 36360 35125 38400 38550 43750 


Internal Usable Fuel lb. 8060 8060 10010 10010 10010 10010 


External Fuel (1) (1) (1) 
(Usable and Unusable) lb. - 2899 - 2899 2899 7124 
(1) (1) (1) (2) 


External Usable Fuel 10. - 2808 - 2808 2808 6906 


Droppable Weight 
(Tanks, Pylons, and 
Trapped Fuel) 1р. - 427 - 467 537 1274 


External Tank Drag 
А Cy M < 0.95 - . 0019 - . 0019 . 0019 . 0034 


4 Cp M » 1. 0 ын ын ын = . 0041 4 0073 


NOTES: 1. Each 280 gallon Fletcher Royal Jet tank as installed 
on the F-106A airplane can be filled with only 223 gal. 
of JP4 fuel and each has 7 gal. of trapped fuel. The 
tanks of configurations 4 and 5 are assumed to have 
the same characteristics. 


2. The trapped fuel of the 2-550 gal. external tanks was 
estimated as follows: 


550 | 
Тгарред Еше! = х 14 = 33.5 ва1. 
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PERFORMANCE BASIS 


These studies have been made without benefit of pre-design layout 

of the supersonic tanks. For the purpose of this study, it is assumed 
that all of the external tanks have the same fineness ratio and location 
as the present Fletcher Royal Jet 230 gallon tanks. This approach із 
conservative and better performance should be realized with an 
improved fineness ratio. 


The drag increment for the external tanks is based upon wind tunnel 
testa of the F-106A with (2) 230 gallon external tanks as run in CWT test 
No. 528. The 230 gallon tank data were changed by a tank frontal area 
ratio to provide a drag estimate for the 550 gallon external tanks. 


The performance used in this study for the clean airplane 18 based upon 
Convair Aerodynamics Memorandum A-8-119, "Estimated Performance 
Characteristics of the F-1025 Airplane", dated 1 August 1955. 


SPEED VS. ALTITUDE 


A plot of Mach Number vs. altitude is shown on the following page. 
It compares the performance capabilities of the F-106A with both 
subsonic and supersonic tanks. It shows the performance penalties 
that can be expected if supersonic tanks must be carried in day-to- 
day training and tactical identification missions. 
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FUEL SYSTEM 


The following table shows changes required to add 300 gallons of fuel 
to the internal tanks of the F-10654 airplane: 


1. Raise pilot valves in tank #1 


2. Add the following components іп "Т" tanks: 
(2) Air shut-off valves 
(2) Level control shut-off valves 
(5) Level control pilot valves 

| (2) Refuel pressure operated pilot valves 

| 60 Feet of 1/4" tubing and fittings 


The tank fuel quantities will change as follows: 


Tank Present Gals. Provosed Gals. 
1 255 308 
8 319 318 
9 440 440 
Е 221 221 
Т 0 224 
Transfer Line 22 22 


Assuming the above changes have been made and it is desired to only 
take on 1240 gallons (for the area intercept mission) a more complicated 
fuel system will be required. Preliminary discussions indicate the 
feasibility, but further detail studies would be necessary to determine 
the extent of the changes required to obtain this feature. 


The existing Fletcher Royal Jet tanks have definite limitations when applied 
to the tactical mission. These tanks are intended for the "ferry" condition 
only as per model specification ZD-8-005. The requirement does not 

exist to use these tanks on a tactical basis. 


The tanks are inadequate because of the low pressure (10 psi) which is 
insufficient to provide fuel vanve іп the climb. In addition, they are 
limited to pubcorie сроело (Mach 9.95). 
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The existing external tanks are limited to the following load factors: 


Tanks Full (max. takeoff gross weight) 
-I to + Зе symmetrical pullout up to М = 0. 95 
0 to + 2.3 g rolling pullout up to M = 0. 95 


Tanks Empty (Basic mission gross weight plus empty external tanks) 
-3 to + 5.0 g symmetrical pullout up to M = 0. 95 
0 to + 3.9 с rolling pullout up to M = 0. 95 


An improved subsonic tank has been proposed which would have 
higher pressure (20 psi) and would be good for Mach 0. 95 at sea level. 
This tank would provide maximum fuel usage in the climb and could 
be dropped soon after reaching the top of the climb. This would allow 
the airplane to accelerate to Mach 2 much sooner. 


EXTERNAL TANKS (Supersonic) 


t is assumed that these tanks will be designed to operate in the 
supersonic region but that they will be dropped prior to actual combat. 


They should be designed to provide maximum fuel usage іп the climb 
and comply with the following design criteria: 


DESIGN AND OPERATIONAL CRITERIA FOR EXTERNAL TANXS 
The design criteria 18 applicable to either the subsonic or supersonic 
tanks and provides a compromise between operational requirements, 
Structural weight, and minimum rework to existing aircraft. 


À. Operation of the armament doors and missile launchers should 
be permitted with the tanks on. 


1. Thisis primarily for off status or training аїгсгай. 


2. There appears to be no need for actual firings with tanks on. 


7 IED 


FORM 6812 -А4 


ANALYSIS CONVAIR PAGE 13 

PREPARED BY А DIVISION OF GENERAL UYNAMICS CORPORATION REPORT NO. 2Р-8-045 
СНЕСКЕО BY хана: MODEL 

REVISED ۷ ХЭГ. РЕА а مہ‎ 20 August 1956 


В. Апу speed ог altitude to Ше restricted speed of the present 
F-106A airplane (179° Е stagnation temperature). % 


_ С. Normal load factor maneuver (symmetrical) + 


(1.) + 4 г to -1 в at any speed to the restricted speed, | 
(Stag. temp. of 179° F). | 


These limits are compatible with the fire control system 
requirements. 


D. Roll Rates: Limit roll rates to 80°/sec. 


(1.) This value is in excess of the fire control requirements, ` 
(70°/sec. ) | 


(2.) This value was found acceptable for the tactical mission 
of the airplane during flight evaluation testing. 


Е. Active Status Aircraft 


(1) If external tanks are required for an effective combat 
mission, then all on-status aircraft will be tank equipped. 
Exclusive of active hostility periods, tanks must be retained 
throughout the mission. 


F. Off- Status Aircraft 


(1) A certain amount of training could be accomplished using 
aircrait without external tanks; however, the installation 
of tanks could delay the advancement of these aircraft 
to active or combat ready status іп an emergency. 


Following is Convair Report OR-8-43, a complete study of the effectiveness | 
of the various configurations for a typical air defense problem. | 


* with supersonic external tanks only. 
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SUMMARY 


The purpose of this report is to review briefly the present status of pilot 
emergency escape systems which apply to interceptors of the F-102B and pro- 
posed advanced F-102B (M = 2.3) types. Comparisons of the systems are made 
in a very general manner. 


Appended data is included for reference purposes. 
C 
INTRODUCTION 


Although notable improvements are being made in ejection seat design 
with respect to pilot survival, the seat as such is stili a questionable means of 
escape even in the higher subsonic speed range. Figure 1 shows a predicted 
envelope for safe escape by means of seats and capsules. 


It is understood that the USA F plans to make an escape capsule of some 
type mandatory for aircraft capable of speeds of 600 knots (indicated) or greater. 


Escape capsules of various types, with special reference to the Advanced Е-102В, 
are discussed in this report. 


FACTORS INVOLVED 


Some of the major factors involved іп the use of any escape system аге ав 
follows: 


decreases with altitude for given indicated speed due to increase in duration 


| 
1. Initial deceleration loads imposed on pilot during escape. Human tolerance | 
` of peak 'g' (Ref. 1). | 


2. Effects of aerodynamic heating on pilot during initial exposure to air 
stream (followed by extremely low temperature shortly afterward). 


3. Hypoxia, aero-embolism, explosive decompression, impact pressure 
injuries and other pressure effects are hazards. 
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4. Spinning, tumbling or other gyrations which may produce injuries due 
to limb flailing and hydrostatic effects. 


5. Protection in unfavorable environment after return to surface of earth, 
(open water, bad terrain, etc.). 


6. Protection against injury to pilot due to striking portions of airframe 
during escape. 


| Of all the factors involved in the above list, one of the most difficult to 
| overcome with open ejection seats, or protected seat capsules (discussed 
later) is initial deceleration. 


Reference 1 shows that the drag-weight ratio of the usual ejection seat 
is unfavorable in this regard. Drag can only be reduced to that of the pilot 
alone and this limit is approached in the Convair "Supersonic Seat". The 
weight of the seat can be increased and favorably directed rocket thrust may be 
added. However, the degree of success which can be attained with these and 
other fixes 18 not known, but appears to be more limited than is the case with 
the capsule types. 


Protective equipment can surely be more conveniently installed in a cap- 


sule than by adding personal equipment, which will tend to further immobilize 
the pilot, as is now the case with the ejection seat. 


ESCAPE CAPSULES - GENERAL REQUIREMENTS 
In consideration of the above factors involved in high speed and/or high 
^ altitude escape, the following general requirements for a capsule may be stated: 
Capsule should: 
| 1. Minimize the possibility of injury to the pilot. 


2. Maintain suitable environment throughout the escape cycle. 


3. Have potential of providing escape means at low, as well as 
high altitudes and all speed regimes. 
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4. Operate as automatically as possible. 
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5. Have high degree of stability, and in certain instances, 
be controllable. 


Capsule Types 

It is not known how many types of capsule are under study at this time 
throughout the industry and іп military agencies. Apparently Douglas has 
given consideration to the separating -nose configuration (Ref. 2.). 

We have a report on Goodyear's clamshell type capsule (Ref. 5.) and 
benefit of Stanley Aviation's work for the USAF on a canopy type capsule (Ref. 
4.). Ош of the information on hand, it is believed that the various types of 
escape capsules may be classified as follows: (Ref. Figure 2A, 2B & 2C.). 

1. Protected seat type (Goodyear Clamshell) 

2. Canopy Type (Stanley Aviation) 

3. Separable-Nose Туре 

Some of Ше apparent advantages and disadvantages of these types as we 
see them are as follows: 


PROTECTED SEAT TYPE I (REF. GOODYEAR CLAMSHELL) 


ADVANTAGES DISADVANTAGES 

a. Provides protection against the a. Susceptible to the initial decelerat- 
majority of items listed under ion problem in somewhat the same 
"Factors Involved" above. degree as an open seat. | 

b. Capsule is relatively small and, b. Restricts pilot's vision side and 
therefore, should be less gus - 
ceptible to combat damage aft. 
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ADVANTAGES DISADVANTAGES 
c. Requires that cockpit or canopy 
width equal to clamshell width con- 
tinue to point above pilot's head. 


d. Pressure sealing the moving parts 
of the clamshell in closed position. 


e. Requires definite pre-ejection pro- 
cedure for pilot to get in position. 


f. Stability is questionable. 


в. Airplane weight penalty approaching 
Types II and III. 


h. Does not appreciably improve 


ability to clear vertical tail when 
compared with open seats. 


CANOPY TYPE П (REF. STANLEY AVIATION) 


ADVANTAGES DISADVANTAGES 

a. Provides protection against the a. Mechanical complexity involved in 
majority of items listed under this arrangement appears greater 
"Factors Involved" above. than Type Ш with respect to flight 

; controls, pressure sealed trap. 

b. Relatively good aerodynamic doors,design of separable elements, | 
shape (stability). etc. | 

c. Better deceleration character - b. Relatively large area - more вив- 
istics than Type I (drag/weight ceptible to combat damage than pro- 
ratio). tected-seat type. 
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ADVANTAGES DISADVANTAGES 


a. Provides protection against the . Larger than Types‘I & П, therefore, 
majority of items listed under more susceptible to combat damage. 
"Factors Involved" above - prob- 
ably greater than Types I '& IL . Size of capsule and proposed scheme 

(Figure 2C) to separate radome to 
Relatively good aerodynamic shape. ‘reduce weight after deceleration ш- 
Perhaps better supersonic shape creases hazard to people on ground. | 
than Type II. (Stability and control). | 
. Low altitudes escape, especially in | 
Better deceleration characteristics dive attitudes, may be less effect - 
than Types Ior П. ive than Types Гог IL 


Minimum of pre -ejection procedure 
required of pilot 


Concluding Remarks: 


Much more analytical and experimental work will be required to begin to 
resolve the escape problem. However, assuming that the capsule is the answer, 
there still remains the problem of which configuration to use. 


It appears that aircraft with the speed-altitude capabilities of the proposed 
advanced F-102B that an escape system of the canopy type (II) or the separable 
nose type (III) would serve best. 


Although the lines of demarcation are broad, in Figure 1 we have attempted 
to spot the probable areas of usage for the various escape means on the speed - 
altitude curves of the F-102B and advanced F-102B. 
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Weight of ejectable capsule, Lb. = 5/0° 
Main chute Dia., Ft. = 
| Drougo Chute Dia., Ft. 3.16 
| Rate of descent S.L. - 
Rof. area, За, Ft. 13 (estimated) 


82 


| = Pilot pulls face curtain which triggers mechanism to retract seat, 
draw pilot's feet into lover shell, апа initiates closing of doors. 


= As doors reaeh closed position door seals inflate, and canopy is 
jettisoned. Jettisoned canopy arms catapult and allows face curtain 
to be pulled all the way дот, 


= {apsule ejects, chutes deploy in sequence. 


8 Estimated total veieht penalty for ғігрізпе: approx, 160 lb, | 
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CANOPY CAPSULE = WER II FIG. 2B 


| (STANLEY AVIATION СОВЕ.) 


Ut. of ejectable capsule, Lb. Xx 1,000“ 
| Main ehute Dia., Ft. 48 
| Drouge Chute Dia., Ft. 3 44 
| Rate of descent S.L. Ft/Sec 24,8 
| Ref, area, Sq. Ft. 6.4 


= Pilot dravs legs into lower door | 


x = Combination of seat action and closing door places pilot | 
| іп semi-gupine position x 


= Reckot motor ejects capsule 


е  Drouge chute and main chute deploy in sequence 


¥ Estimated tetel *cipht pensity for aterlone 4 270 lbs. 
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Initial weight of capsule, Lb, 3,122” 

Net veipht (initial = dispoerble), Lb. 2,305 

Main Chute Dia., Pt. 72 

‘Rate of descent, S. L., Ft/Sec. 25.4. 
| 
| 
| Retractable Fins 

Radome ---- 


x (disposable) 
| 


- Canard or retractable surface | 


| 
SEQU'NCE 
| 


> Pilot actuates panic button 
= Rocket motor separates capsule | 


x => Radome and contents ejected after main chute is deployed 


“Total wolrht ип] фу for airplane undetermined, 
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ESCAPE FROM HIGH PERFORMANCE ATRCRAFT 


1. PURPOSE 


1.2 Ап objective analysis of the problem of escape from high 
performance aircraft is presented in terms of human tolerance to acceler- 
ation correlated with pertinent aerodynamic and physical factors, The 
maximum linear deceleration experienced during escape is computed for уће 
conventional ejection seat system as a function of calibrated airspeed’; 


altitude, and Mach number. The decay of deceleration is also computed as 


a function of altitude for a given initial calibrated airspeed. Correlation 
of these computed physical forces with human tolerance to acceleration 
reveals the critical human limitations associated with existing conventional 
ejection seats for succassful escape from high performance aircraft, This 
study will aid in determining the scope of knowledge required to support 
escape systems гевеа ди: and development. | 


і 


2, FACTUAL DATA 


2.1 One aspect of the limitations of the ejection seat as a 
tolerable means of escape from high speed aircraft is the magnitude of 
linear deceleration caused by the airloads imposed on the ejected occupied 
seat as it enters the airstream, Human tolerance to acceleration has been 
fairly well defined as a result of the efforts of Dr. John Р. Stapp, 

Holloman Air Development Center, Doctors Savely, Edelberg, and Henry of the 
Aero Medical Laboratory, МАРС - and others. (References 1, 2, 3, and h). 

The human tolerance to linear deceleration in relation to rate of on-set, 
magnitude, and duration for transverse g (in'a stable escape system), as 
defined by the Biophysics Branch of the Aero Medical Lab, МАГС, is presented 
in Fig. 1. Тһе introduchion of positive or negative g forces will lower the 
human tolerance depicted in Fig. 1. This study does not evaluate the effects 
of tumbling during escape, or the phenomena of the build-up to the initial 
peak deceleration (rate of on-set), and is limited to an analysis of a stable 
escape System, 


\ 


lcelibrated airspeed is defined as the indicated airspeed corrected for 
installation and instrument errors. 


РА 


2,2 The пахітіні linear deceleration experienced by the occupied 
ejechion seat ag it естатз the sirstreas 15 determined by the ratio of the 
drag to the weight of tha secupied seat, There are three main variables 
affecting the magnitucs of the g fortes al various speeds. These аге: 

t 
2.2.1 The exposed frontal area of the occupied seat nomal 
bo the airstream. 


2o2ue The weight of the occupied seat, апа, 
2,2,3 Tha variation of the drag coefficient with Mach Number, 


In order to determine the aírload imposed on the seat, a drag coefficient 
for the seat-man configuration must be found. Probably the most reliable 
drag data available for existing conventional ejection seat systems is that 
obtained from the МІТ Wind Tunnel Report #69, January 195h. Data from the 
MIT херогЬ was used for this study, as shown in Fig. 2, which is a plot of 
drag coefficient (ср) as a function of Mach number for a seat angle of 
attack of 10 degrees. This angle of attack of 10 degrees represents the 
altitude of the seat just as it clears the rails during ejection. and is 
exposed to the full free sbream velocity. 


2,3 Using the values of Cy given by Fig, 2, the magnitude of the 
6 force as а funchion of calibrated airspeed, altitude and Mach number, for a 
conventional ejection seat having a frontal area normal to the airstream of 
6.5 sq.ft. and an occupied seat weight of 325 pounds, is shown in Fig, 3. 
The most significant fact to consider here is that the maximum linear 
20celevation is practically constant for a given calibrated airspeed regard- 
less of altitude. The approximation may be made, without introducing too 
Serious an error, that the maximum linear acceleration caused by ejecting 
into an airstream is constant for any given calibrated airspeed. Referring 
to Fig, 3, this means that the maximum linear acceleration experienced at 
Mel at sea level is about the same magnitude as is experienced at M"2 at 
39,000 feet. However, for a given escape system, even though the maximum 
р forces are equal for constant calibrated airspeeds, two other important 
factors must be considered in order to determine the tolerable limit of 
escape ag a funetion of calibrated airspeed at extreme altitudes: 


2,3,1 First, for a given ejection seat system nt a constant 
calibrated airspeed, the rate of tumbling is increased with an increase in 
altitude because of the lower damping forces experienced in the less dense 
atmosphere, With an increase in altitude, at constant calibrated airspeed, 
the aerodynamic damping force which tends to reduce tumbling decreases. 
However, tha force which produces the tumbling remains constant. The rate 
of tumbling for a given esrape system at 10,000 feet approaches a rate , 
double that experienced at sea level for the same calibrated airspeed. 
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2.3.2 Secondly, as altitude increases for any given 
calibrated airspeed, the kinetic energy of the ejected occupied seat in- 
creases because the kinetic enerzy of the system is a function of the 
square of the true airspeed. The ratio of the increase in kinetic energy 
for a given calibrated airs spac дал, an altitude of ЦО,СОО feet as compared 
to sea level conditions is apptpyimately three to one. This three-fold 
increase in kinetic energy mi pe dissipated as a function of time in the 
less dense atmosphere at altitudė. ‘For this reason; it must be expected 
that the duration of the acceleration 21 increase with altitude. Fora 
Stable escape system, the relationship expressing g as a function of time 
may be derived from the basic forse equations, 


2 ٠ 
т dae = می نٹ‎ (Ед. 2.1) 
Integrating this equation between proper limits, substituting, and solving 
for t reveals; 

t= zw Cra Мо). 


сте МГ. (Eq. 2.2) 
where t is defined as the time required to go from Vo to У” and C would 
represent the density of the air at the altitude of ejection. Analog | 


Solutions of the above equation for the conventional ejection seat system | 
used іп the sample calculations for Fig, 3 were obtained between an initial 

and final calibrated airspeed ab various altitudes to determine the curves 

for g versus time at various altitudes, shown in Fig. Цо Ап analysis of 

these resulte revealed that the decay of deceleration at various altitudes 

closely approximates the relationship 


(Еа. 2.3)‏ سے ہے 
Ка‏ | 

for a given g force, as shown іп Fig, ہلا‎ For example, this simply means | 
that it would take approximately twice as long for acceleration to decrease 
from 35 в to 10 g at 0,000 feet as it would at sea level. Іп this respect 
it is important to mention that дъ оп of acceleration is considered just 
аз important as magnitude when defining human tolerance to acceleration. 
The two factors cited above, tumbling rate and durabion.of acceleration, 
may be the limiting criteria for successful escape at extreme altitude 
rather than the пера easily defined 35 Е Hm b of linear deceleration ` 
described in Fig. 1. 


24, Тір. 5 indicates the linear deceleration as a function of 
calibrated airspeed showing the effect of variation of the weight of the 
ejected occupied seat and the area normal to the airstream for values of 
Ср taken from Fig. 2, 1% can be seen from the equstion defining 


TE № 

— = er’) Eq. 2. 
а Ж 19) (а. 241) 
that the maximum linear deceleration is directly proportional to the area 
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normal to the аїг Гели and іһізеззіу preportional to the weight of the 
ejected occupied seat, For the сет зи опа ejection seat in common use 
today, the weight of the overpled ejection seat will vary from 300 to 360 
pounds; and esti"ates of the атса mual Lo the airstream for various 
ejection seat syszems vary fron 5 te 7.5 sq.ft. For any given set of 
ejection circumstances, the rabin of A/,/ may be determined, and designated 
as Й, so that the equation Гот g may be written as 


d = Ё. СОСО (Eq. 2.5) 


The maximum g force is directly proportional to № » whose values for a 
conventional ejection seal system vary from about Oll to „025, The curve 
of Fig, 5 represents the contributing factor of ( Co Ру - ) in 
describing the relationship of g versus calibrated airspeed. The effect of 
the variation of on the magnitude of the в forces is shown by the 
vertical lines at the left of the graph. То minimize the maximum linear 
deceleration, it is desirable to have as high an ejection weight as possible 
confined in the smallest practical frontal area in order to reduce the valua 
of № to its most practical minimum, The important point to consider here 
is that the limiting 35 в linear decelerabion may be expected within the 
range of calibrated airspeeds fro" 575 te 725 knots depending on the 
variables of Й and W „ For a груба eseapo system, it is desirable to 
increase the weight of the ejocled occupied seat to the maximum permissible 
value compatible with catapult and structural limitations in order to 

reduce the maximum g forces, Howevem, the reduction in maximum g obtained 
by reducing the ratio of A is made sb tho expense of increased duration 

of acceleration, Duration of Я forces as a function of £ is most easily 
explained by referring to Equation 2.2 which clearly shows that Т is 
inversely proportional to tho заЦо НА 2 Неге again, it is apparent that 
duration rather than magnitude may become tho limiting criteria for exceeding 
the human tolerance curve defined by Fig, 1. 


2,5 Because of the nunber of variables involved, it із not 
possible to define a limitation of the ejection seat for successful escape 
in terms of a single value at calibrated airspecd. However, it is important 
to note that the maximun Залваг deceleration associabed with conventional 
ejection seat зугуемз increases sharply бо significant magnitudes, relative 
to human tolerance, as the calibrated alrgpeed is increased above 550 knots. 
in order to indicate the seriousness of the problem, the rate of increase of 
the g forces as a function of calibrated airspeed may be determined as shown in 
Fig. 6. Here again it is assumed thal the maximum force is constant for any 
given calibrated airspeed, and the computed g forces described in Fig. 3 are 
replotted as a function of speed on lag-log paper, The result is а straight 
line with a slope of 2.47 № 1. Prem Fig. 6, showing the maximum g forces 
as the ordinate апа the calrhrated airspeed às the abscissa, an equation 


| ж” 
d = is 


WhereK is a constant for a given set of escape system conditions. This 
simply indicates that с inersases as the 2.17 power of the velocity. 

The slope of this line is а function of the product of Ср times velocity 
squared, Because the nature of the variation of Cp with Mach number, аз 
Shown jin Fig. 2, will be uch the same for most of the conventional ejection 
Seat systems, the slope of this line will always be near the value 2.17 

to 1. In the Equation 2.4 the constant, АС, is a function of the product 
of the ratio of PAZ апа the relative magnitude of the values for CDe 
Changing the value of Ж simply shifts the curve to the right or to the 
left оп this graph, The actual value of іп Ше Equation 2.6 would vary 
Slightly for different ejecólon seat systems depending on the relative کہ‎ 
magnitude of Cp» which in turn depends on the relative aerodynamic clean- 
ness of the ejection seat system. It is postulated that if the relations 
ship of g versus у were plotted on Fig. 6 for most of the existing ejection 
Seat systens, the actual computed values of в would all be in a relatively 
narrow band presenting a slope very near the value of 2.47 to 1. Тһе 
important fact Бо consider here is that the slope of this line is such 
tha’ а 15% increase in calibrated airspeed results in a corresponding 
inerease in в forces of aimost 505, From this analysis it is reasonable to 
expect that the maximum linear deselerations experienced during ejections 
with existing ejection seat systems rapidly approdch the limit of human 
tolerance (as defined in Fig. 1) as the Speed of the aircraft at time of 
ejection is increased above 550 knots indicated airspeed. 


for g may be written as 


Eqo 2 25) 


226 A further indication of the seriousness of the problem may 
be realized by consideting the maximum speed capability of the "Century 
Series" of fighter aircraft. The sStralght and level speed capability at 
maximum power is considerably less thon the limiting permissible red-linsed 
diving speed, and would represent а conservative estimate of performance 
capability, Fran the brief analytical approach described in this report, 
it seems quite obvious that the capability of the ejection seat as а 
means of successful. escape is quesbionabie'in the "Century Series" 
fighters, which have a Speed capability in excess of 600 knots calibrated 
аз кгрее4, | 


2,1 Investigat 
iuclude ва things аз 


= 


‘med at solving the problem presented above 


2.7.1 Droge chutéz to slow the aircraft down to ап 
acceptable escape : 


5 


3 


m 


2ojo? Init. a pgmentation of the ejoction seats in the 
dire^tior of flight по теште the ірілдед deceleration at tho expense 
of increased ram-als pressurea, 

2.7.3 Roske5 thrush to increase the ejection velocity to 
insure tail clearances 


2.7.0 antreas: egeotion seat weight to reduce initial 
deceleration at tne expense of inzeeased duration of в forces. 


2,765 Stabilization techniques for ejection seats. 


A preliminary review nf proposed solutions indicates there is по "quick- 
fix" solution apparent lor the existing ejection seat systems. It is 
expected that oplimization at some of the proposals resulting in a judicious 
compromise of decreased g forces at the expense of increased duration will 
allow а білгін, penetration into the present unsafe speed range with the 
current operational escape systems. The aerodynamic characteristics of a 
blunt object such as the ejection seat system will dictate a relatively 
high value for ( Со ӨД Jo Therefore, this system will not lend 
itself for serious penetration inte the extreme speed range of the "Century 
Series" fighters because of both magnitude and duration of g forces. Нон- 
ever, an aerodynamically clean configuration as presented by an ogive type 
capsule would reduce the relative magnitude of Cp by a factor of as much as 
h ср S, The value of ( Со Ру j for the capsule would be such as to 
reduce the maximum linear deceleration by sufficient magnitude so that the 
duralion of g forces would be insignificant relative to human tolerance, 
The aerodynamically clean capsule type of escape system could extend into 
and beyond the extreme speed range capability of the "Century Series" 
fighters and still not trespass Боли tolerance either in magnitude or 
duration of р forces, 

Зо SUMMARY š 

301. Тһе information presented by this study may be summarized 

аз follows for the conventional ejection seat system: 


3.1.1 The maximo Linear deceleration is essentially 
constanb for a given calibrated airspeed regardless of altitude. 


3.1.2 AL constant calibrated airspeed the rate of 
tumbling increases with altitude and approaches a value proportio: to 
the inverse of the square root of the density ratio. 


3.3.2 At censiant calibrated airspeed the duration of 
| forces is approximately mroporthonal-to the inverse of the square roo. 
Рас. density ratio. 


3.1.) The maximum linear deceleration forces increase 
as the 2.17 power of the velocity. 


301.5 The maximum linear deceleration rapidly approaches 
the limit of human tolerance as the speed of the aircraft at time of 
ejection is increased above 550 knots calibrated airspeeds 


3,2 The 2 and physical characteristics defined by 
the parameter ( Co Г ) are such as to limit the usefulness of the 
conventional ejection idt system to the lower part of the speed range of 
the "Century Series" ӨР ар, Only by optimization of these parameters, 

заса ав may be obtained by the use of a low drag capsule, can successful 

escapes be expected in the extreme speed range capability of the "Century 

Series" aircraft and beyond. 
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г | ‘о be objective, escape system 
selection criteria should be based 


_ оп over-all requirements of the man- 


airplane combination, In addition to 
the fundamental objectives of air- 
craft or weapons system being соп- 
sidered, three general considerations 
appear to be fundamental with re- 
spect to escape. .These аге; (1) Moral 
Considerations: The basis by which 
the value of one person’s Hfe is com- 
pared to another’s consistent with 
American philosophy; (2) Morale 
Considerations: The basis for esti- 
mating the military value of escape 
equipment with respect to its effect 
on the will of the individual or group 
to perform under hazardous condi- 
tions; and (3) Economic Considera- 
tlons: 

The over-all cost а man lifetimes 
of effort to maintain a particular 


£ 


Е 


А configuration for high altitude escapa capsulo. 


ESCAPE SYSTEM 


Because absolute safety is unattainable, moral, t 
morale and economic considerations must be balanced. 


system or device can be objectively 
estimated by the use of ihe growth 
facter concept. This value, balanced 
by moral.angd morale considerations, 
can then be compared оп а statistical 
basis to a probable dividerid in lives 
saved. It сап thus be seen that it is 
not necessary to be completely ar- 


bitrary or to rely entirely on expert 


opinion in making decisions as to 
what prcportion of the effort on à 
given weapon system should be ар- 
plied ta the emergency escape sys- 
tem. 

Examination of statistical evidence 
indicates that absolute safety 15 cnly 
an approachable objective and is not 
attained even in the more protected 
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B, AM. Moye 


` Douglas Aircraft Со. 


type of everyday living, It should 
then be recognized that maximum 
effort in the escape system: field 
should be applied to solving those 
problems giving the maximum sta- 
tistical dividends. This course of ac- 
tion is, however, much more easily 
stated than accomiplished because of 
the fact that the unusual and extreme 
condition accidents receive а far dis- 
proportionate amount of publicity, 
and thus provide a terrific temptation 
for the engineer to ajso apply exces- 
sive effort in these directions, some- 
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; times to the detriment of total safety. 


The careful application of available 


"gtatistical information such as can be’ 


obtained from the U. S. Air Force 
Directorate of Flight Safety and the 
Naval Aviation Safety Activity can 
be particularly helpful іп arriving 
а! а proper balance, 
Environment 

_ In the selection of escape equip- 
ment, environmental problems as- 
gotlated first with the actual escape 
and then with the climatic condi- 
Нопв to which. the escapee 18 project- 
ed need consideration. The problem 


‚ areas may be considered as follows: 


Pressure апа Composition: 

In the more common types of es- 
cape equipment in which the man 
leaves the environment of hls cock- 


| pit, а wide variety of ргезвиге ton- 


‘siderations immediately become evi- 


` dent. The first of these has to do with 
fhe problems associated with hy- 
poxia, nero-embolism, explosive de- 


compression and such associated 
changes caused by the loss of cock-' 
pit pressure. For escape nbove 30,000 - 
feet, the problems begin to arise 

which require the definite use of 
bail-out oxygen. For escape above 
45,000 fect, emergency pressure pro- 


‘tection together with explosive. de- 


‘compression protection also becomes ` 


. increasingly important, In the event 


of fire or gunfire damage, the added 
problem of the protection against 
Матев and toxic gases should not 
be completely overlooked. 
J Temperature 


While the problem of temperature 
contro] at low speeds can usually be 
relatively easily handled by proper 
clothing to prevent frostbite, at high- 
er speeds the man must be given 
much more effective protection if 
he 18 not to be incinerated in the 
вате manner as that of thé meteor 
coming Into the atmosphere. 

With flight operations becoming 
worldwide and single flights span- 
ning both tropical jungles and artic 
waters, the problem of survival after 
landing looms as one requiring added 


emphasis if a highly refined escape 
system 18 to save the man іп the air 


only to have him perish from tem- 
perature extremes after landing. 
The increasing availability 01 good 
detà with respect to man's tolerances 
to acceleration and blast forces as a 
functlon of time, together with better 
aerodynamic and physical data, is 
bringing the problem of force control 
more nearly into the realm af ob- 
jective gnalysis, Figure 1 indicates 
probable sifa escape speeds versus 
altitudes for a typical light-weight 
ejection Зеа or escape chute system. 
This curve ің based on calculations 
involving acceleration and time flg- 
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Figure 2. n ме 2182 
Minimum’ escapa attitude ув divo angle based on 
' probable maximum deceloration talarance, 


ures taken from the works of Lom- 
bard and Stapp. : 

These data are also useful іп point- 
ing out areas where it does not 
appear productive. to expend great 
effort on the basis of known ap- 
proaches. Фрей ап. example is iius- 
srated by Figure 2, In this case сег- 
tain. combinations of altitude and 
velocitiés toward the ground can re- 


sult in so much directed energy that. 


the man's total tolerance to accelera- 
tion js exceeded before he can be 
Slowed to à safe speed, Emphasis on 
safety in these areas should be di- 


rected toward preventing the man. 


from getting himself into such а sit- 
uation as it can be seen that these 
limitatlons are entirely independent 
of the type ot équipment used io slow 
(he man down. 


пси атт ізі патики: wm FT. 
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Selection By Requirement 


Even though the properly designed ., , 


escape system must take саге of ali 
of the man's environmental and force 
limitations, it should be emiphasized 
that the оуег-а1 objectives of the 
man-machine combination are still 
paramount. Large factors of safety 
on human tolerances can just as 


‚ thoroughly reduce the over-all effi- | 
ciency of the man-machine combina- 


tion Бу adding unnecessary weight as 
can poorly designed and over~welght 
structural cómponents. 


Statistical evidence showing thé 


‘percentage of ground crashes relative 
to mid-alr escupes indicates the need 


of first order emphasis to that por- | 


tion of the escape system providing 
protection against the forces, tive, 
water of ‘untenable enylronment 
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Figure 3. 
Data for selection of an escape system. 


aásocinted with these ground crashes. 
Figure 3 shows probable ranges 
and areas of overlap of the varioud 
Beneral types of escape systems, The 
broad shaded areas Indicate porbable 
variations іп design approach and 
differences іп interpretation of hu- 
man tolerances data. The environ- 
mental problems assoclated with ex- 
{тете altitude together with the 
temperature and forcé problems of 
the higher Mach numbers indicate 
that operational conditions are being 
approached which are clearly beyond 
the capabilities of the ejection seat. 
И is in the border areas where 


substantial conflict of opinion аз to 
the best approach is likely to exist. If 
the drag weight ratio is used as a 
primary criteria of alr drag recelera- 
tion exposure, lt appears evident for 
the ejection seat that major reduc- 


tions in these decelerations are not? 


likely from better streamlining. This 
then leaves the addition of weight as 
the one remaining important method 


of substantially reducing seat drag 


decelerations, Additional weight 15 
2180 added if stabilizing means are 
used to reduce tumbling. 

The difficulty of utilizing equlp- 
ment already required in the air- 


` Some borderline ‘cases. 


craft to take саге of any large рег». 
centage of the weight needed to re- 
duce G forces in the ejection seat, 
becomes immediately apparent when ч 
space limitations are’ considered. In ` 
the case of the cockpit capsule, how~ 
ever, much greater flexibility exists 
both as to streamlining and ‘the ' 
amount of useful equipment спра е: 


of being included in the escape зес- ня. 


iion. While the weight of а cockpit j 
capsule system increases "directly ав» 
the total ejected mass, present studies: 
Indicate that its over-all weight pen- 
alty may be less than that of an 
ejection seat system, with satisface .: 


1 
1 
' 


‘tory drag-weight characteristics, for . 


sea level speeds that in some савез. . 
may approach values аз low as Mach... 
1. The additional environmental and 
water survival capabilities а 
іп the cockpit capsule could well’. 
swing the pendulum in its favor IR 
к 3 ЫГ 
One configuration of cockpit сар» 
sule which could meet escape re- « 
quirements over substantial speed 
range at a relatively low weight’ 
penalty js illustrated, : D 


In order to prevent excessive per- 


lection of the escape aystem should 


/ e based on an objective study of the 


оуег-вП requirements of the man- 
aircraft into which it is to ba Incor- 


P porated, (Figure 3). Full utilization · 
should be made of alt available, |, 


aeromedical, engineering, and ste- 
tistical data available. The designer 
shpuld be extremely wary of any 
system adding substantial increments ^ 
of complexity, dead weight, or size ' 
increments to ће aver-all aircraft 
system, 


BRITISH REGRET JET: CANCELLATION 


"I think this... is a national de- 
cision we shall regret for many 
years," George Edwards, Managing 
Director of Vickers- Armstrongs (Air- 
craft) Ltd. said commenting on the 
Ministry of Supply's announcement 
that orders for the V.1600 transport 
have heen cancelled. 

With a passenger capacity of more 
then 100 and capable of flying the 
Atlantie non-stop іп both directions, 
a Чуй variant of the turbojet V.1000 
was to be Britain’s most outstanding 
candidate’ for the Blue Riband route 
in 1060, “With 100 passengers,” he 
went on "the Americans in our view 
are unlikely to have engines eapable 
of the non-stop westbound Atlantic 
crossing before that date. 

"The decision to cance! the V.1000 
means we have abandoned io ihe 
Americans, without a struggle, this 
highly Important market. How im- 


12 


portant this market Is can be seen 
from the faet that Ше orders во far 
placed by а few American operators 
Гог big jets total more than £200 mll- 
Hons. The total віге of the market 
could be of the order of 21000 mil- 
Hons.” 

The Ministry explained that “dur- 
ing development, the weight of the 
У.1000 had grown substantially and 
had been outstripping the engine ca- 
pacity. It had taken longer than was 
expected {о solve the problems ot 
R.A.F. 

However, Mr. Edwards states that 
the inerease in structure weight had 
in fact been fully matched by in- 
creases in engine power, and that the 
V.1000 could have been in all ways 
competitive with the two American 
jet airliners (D.C.-8 and 707), "and 
in some ways better." 


The engine concerned is the Rolls- 


vj BHTERN 


5 
a 


AVIATION, 


- fuel, 


Royce Conway by-pass turbojet | 


. which combines power with great. 


economy, It is, at present, the only ` 
large by-pass engine that has been 
made publie, and 18 the second most 
powerful type-tested turbojet yet an- 
nounced. 


MILLER—ARS AWAHD 


Pred S. Miller, for sixteen years 
a key figure In the American rocket 
industry, is this year’s recipient of 
the American Rocket Soclety's C. N, 
Hickman Award, The prize, a medal 
and cítation, is presented annually 
for outstanding work in the field of | 
solid propellants, "Miller, Assistant 
Works Manager of the Aerojet-Gen- 
eral Corporation Solld Rocket Plant 
at Sacramento, Calif., originally sug- 
gested the use of asphalt as в racket’ 
This culminated in develop- 
ment of the first JATO (jet-assisted 
takeotf) units placed in large-scale 
production in the United States. 
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РНЕРАНЕО ВУ А DIVISION OF GENERAL DYNAMICS CORPORATION REPORT NO. ZP-8-520 


INTRODUCTION 


Under contraet AF 33(600)-30169, Supplemental Agreement 1h, 
Convair has undertaken study of Design Features pertinent to ап 
Advanced F-106 Interceptor. This study contract became effective 
31 January 1957, with a contractual completion date of July 1958. 


One requirement of the contract is a final summary report. 
The contractor has chosen to fulfill this requirement with a series 
of four reports, dealing with each of the major aspects of the study: 


Report 
A. Auxiliary Control Surface and Bi-Convex 2А-8-506 
Wing 
В. Pre-Compressor Cooling Propulsion System 
and Related Studies T-105Adv. -32 
C. Pilots Escape Capsule 2Р-8-519 
D. Preliminary Design Studies of Applica- 
tion of Features to a Tactical Configura- 
tion (This Report) 


These reports summarize and coorelate material contained in 
many other reports, which are not contractually required, but have 
been submitted for information (Listed in Appendix В). An outline 
of this report structure is shown by Figure I. 


This report will discuss application of each study feature 
to a tactical aircraft and briefly describe the basis of synthesis 
of the proposed Р-106-30, which has resulted, in part, from this 


study. 
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SUMMARY 

Preliminary Design studies of each study feature have been 
made, Esch can feasibly be incorporated in а tactical interceptor 
aircraft. Hardware development programs of varying time and cost 
would be required to achieve this end. 

Development of a tactical interceptor is based upon many 
factors, such as: 

1. The threat in the operational life. 

| 2. Engine, Fire Control and Armament availability. 

3. Funding available for defense. 

4, Engineering and production state-of-the-art. 

Ав a result, Convair has developed ап Е-106 type interceptor‏ ہے“ 
that utilizes those components of the study that will provide‏ 
greatly improved performance with a minluum development program.‏ 
The features included in this airplane, designated the F-106-30,‏ 
are:‏ 

1. Auxiliary longitudinal control (canard surface). 

2. Bi-Convex airfoil. 

3. Variable camber wing. 

4, Ventral (plus) vertical tail. 

5. Internal Compression Inlets. 

6. By-pass air ejector. 

T. "Industry Crew Escape System". 
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DISCUSSION 
I. Initial Study Configuration 
А. Advanced Е-106 


The configuration of the Advanced F-106 at the initiation 
of the study is described in Convair Report ZP-57-08000, February 
1957, and shown by the three-view and inboard, Convair Drawings 
SD-56-08075 and SD-56-08076 respectively. 


Design features of this configuration included canard 
control surfaces equipped with flaps to increase low speed lift 
capabilities, elevons acting as flaperons, variable camber wing 
leading edge, bi-convex wing, crew escape capsule, internal compres- ۱ 
sion inlets, pre-compressor cooling and variable ejector. The fire | 
control system designated was the Advanced MA-1 vith а hO" radar : 
antenna. 


The power plant for this aircraft was the JT4B-22 with а 
sea level rated thrust of 26,500#. Normal take-off gross weight 
of 11,555 included 10,6454 of fuel and 2,870 of water for thrust 
augmentation by means of pre-compressor cooling. 


With this arrangement, the performance envelope (Figure 1) 
at Mc 2.5 extends from 42,500 feet to 75,000 feet with afterburner 
power, At М = „95 and afterburner рочег, the lg ceiling is 53,800 
feet. Climb performance from brake release to 40,000 feet and 
Ме „95 18 3.8 minutes, to 50,000 feet at М с „95 is 8.5 minutes, 
and 60,000 feet at Ма 2.3 is 8.3 minutes. Take-off over 50 foot 
obstacle requires 4330 feet and landing over a 50 foot obstacle 
requires 4160 feet. 


A wajor portion of the high altitude performance accrues 
from the effects of pre-compressor cooling. The gains from this 
augmentation consist of approximately 20,000 feet of altitude at 
M = 2.5 reducing to a zero gain at M=1.2. (See Figure 21.1) 
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Also contributing to the performance &re: internal com- 
pression inlete which yield а higher pressure recovery at high speeds 
and lower cowl and bypass drag than external inlets 8% the ваше 
design speeds; an ejector, tailored to provide near optimum propul- 
sive efficiency at supersonic speeds. 


Other aerodynamic features include the variable leading 
edge, with which optimum wing camber can be approached for any flight 
condition of speed and altitude, thereby, decreasing the drag com- 
pared to a wing compromised to minimize the drag at supersonic speeds 
only and the bi-convex airfoil which reduces the zero lft drag in 
comparison with conventional airfoil sections at high supersonic 
speeds. 


Auxiliary control surfaces, in this application, a canard, 
edd to the maneuverability, reduce the trim drag at supersonic speeds 
and improve take-off performance. 


These features of the Advanced F-106 were more fully in- 
vestigated under studies designated as: 


А. Auxiliary Control Surface and Bi-convex Wing. 

В. Pre-Compressor Cooling and Related Studies. 
In addition, the requirements for safe escape from an airplane at 
high speed and altitude as well as escape during landing or take- 
off as a result of malfunction was considered in another portion 
of the study: 


C. Pilot Escape Capsule. 
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В. Advanced Г-106 - Extended Fuselage 


Analytical studies, underway іп the early phases of this 
study, were made to determine the effects on airplane drag, high 
altitude maneuverability, and take-off performance, of variations 
in geometry and longitudinal stability of canard arrangements of the 
Advanced F-106 airplane. The parameters studied are canard arm, 
canard size, longitudinal stability, Mach number and flight lift 
coefficient. 


The configuration investigated included the Advanced F-106 
geometry and two modifications with the fuselage length increased 
by 40" and by 80". This resulted in a nose Length increase of 25" 
and 50" respectively. In terms of canard geometry, the canard arms 
become 1.26 and 1.35 С compared to 1.17 с for the unmodified con- 
figuration. Canard volume (canard area x canard arm) was held 
constant, hence, no change in take-off or maneuverability charac- 
teristics would be expected. However, an increase of 685 pounds 

is incurred for additional fuselage structure Рог the 50" extended 
nose. 


Zero Lift drag effects of canard geometry are shown in 
Figure 2. In the subsonic case, an increase in canard arm leads 
to an increase of drag through fuselage skin friction while a 

reduction of canard volume for а given canard arm leads to a де- 
crease in drag through canard skin friction. 


In the supersonic case, drag reductions are obtained as 
in the subsonic case as canard area decreases, and increases are 
obtained in fuselage skin friction as the canard arm is extended. 
However, at canard arms up to l.b c, skin friction increases are 
more than offset by the decrease in fuselage wave drag obtained 

through increased fineness ratios. 


The combined effects of the drag and weight changes on 
the 50" extended nose compared to the Advanced F-106 are: 


a. 3-1/2% reduction in subsonic specific range. 


0. 200 foot decrease in Mach 2.0 ceiling. 
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e) 1/20 increase in acceleration rate at 35,000 ft. 


While these effects are small and indicate that the nose 
length change would probably not be warranted on the basis of рех- 
formance, certain other considerations lead to the desirability of 
an increase in fuselage length. 


One of these factors in the Advanced F-106 was the effect 
of the canard on the inlet performance. This configuration allowed 
the super-velocity field above the deflected canard surface to im- 
pinge on the inlet face at high Mach numbers. A fifty-inch increase 
in the canard-inlet separation assures that the trailing shock will 
lie above the inlet at all Mach numbers and that the wake shed by 
the canard surface will pass below the inlet.l Ап increase in 
fuselage length will also provide increased fuel capacity and рег- 
mit an improved electronics gear distribution. 


Because of these factors, the Advanced F-106 configura- 
tion was modified to provide a 50" nose extension, or overall 
length increase of 80". Studies of this extended nose version 
are shown in drawing CV-SD-57-08028., 


Subsequent testing and evaluation was based on this 50" 


extended nose version of the Advanced F-106. 


1. Further considerations of the canard-inlet geometry are dis- 
cussed in Section II. B. 
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II. Studies as Related to Application in a Tactical Airplane 


During the course of the studies on the design features 
(Variable camber; bi-convex wing; longitudinal control surfaces, 
etc.), these items were continuously integrated into the preliminary 
design of a tactical airplane. This was necessery to provide an 
insight into the overall effects of the inclusion of the design 
feature and to insure that these features did not yield adverse 
effects when combined into a unit design. 


In this section the performance effects and the installation 
problems are presented for the application of these design features 
into а tactical vehicle. The selection of the design features for 
the final recommended tactical aircraft will be carried out іп а 
latter section (Tactical Version Resulting from These Studies). 


A. Variable Camber; Bi-Convex Wing 


The small low aspect ratio wings of high performance air- 
planes have high drag due to lift. These wings can be provided with 
conical canber to provide minimum drag due to lift in a region near 
the design lift coefficient. However, the camber increases drag at 
lower than design lift coefficients. Also, the camber benefit of 
drag due to lift disappears as the velocity component normal to 
the leading edge becomes sonic. 


With variable camber, the camber can be matched with 
flight conditions over a wide range of speeds and altitudes and can 
eliminate camber minimum drag penalties at high Mach numbers. 
Sharpening of the leading edges by the use of a biconvex section 
reduces wing wave drag at speeds where the leading edge is super- 
sonic. 


Figure 3 shows the drag due to lift for the Advanced F-106 
Airplane for № different wing cambers at Mach numbers of 0.8, 0.9, 
1.0, 1.5, 2.0, and 2.5. The wings shown are at (Mach = 1.0 design) 
Ст, design of: КАСА Section, Cy, = 0.1; NACA Section, Cy, = 0.3; bi- 
convex section, Cy, = 0.1; and biconvex section, СІ, = 0.3. The drag 
due to lift data shown are all referenced to the biconvex section, 
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Стр (Сі, design) = 0.1 untrimmed drag at zero lift" so the plots 
give a true comparison of the different wings. 


The drag polars are marked to show the region in which 
the airplane will be operated during acceleration, at ceiling, and 
during subsonic cruise. The region between acceleration and ceiling 
vill be involved during climb and supersonic cruise. Subsonic loiter 
will occur at a Cr, slightly greater than 0.2 аб Mach numbers of 0.8 
and lower. The lower portions of the curves will affect low altitude 
acceleration and climb performance at subsonic speeds. 


The benefits of variable camber are apparent on comparison 

of the biconvex Сір = 0.1 and 0.3 drag polars.  Subsonically, the 
CLD = 0.3 camber has better acceleration and ceiling performance 
due to the reduced drag compared to the Стр = 0.1 camber. At Mach 
1.0, there is still a ceiling benefit for the Сір = 0.3 camber, but 
the acceleration lift coefficients have decreased into the region 
where the high zero lift drag of the Crp = 0.3 camber causes a 

— reduction in acceleration performance. 


In the supersonic regime, the Сул = 0.1 camber wing has 
performance at least equal to the Ср = 0. 3 camber wing and at low 
values of lift coefficient it has a substantial reduction in drag 
relative to the Ср = 0.3 camber wing. Ав the Mach number is in- 
creased, the Стр = 0.3 camber wing suffers a further increase in 
drag due to lift with respect to the Сту = 0.1 camber wing and also 
retains its zero lift drag penalty. 


Since the airplane must perform its mission in several 
different flight regions, any fixed camber would seriously compromise 
the performance in some of these regions. Approximate increments 
of performance between the Cpp = 0.1 and 0.3 camber wings are shown 
in Table Ia. The performance increments shown are for a biconvex 


1. Drag effects of section and camber are referenced to the bi- 
convex Сі, = 0.1 wing as follows: 


Ср = CDi + CDrrim + (Со ~ Срові convex Cip = 0.1) 
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wing with a fixed Сір = 0.3 camber relative to a Стр 0.1 camber. 
With а varlable camber, both the subsonic and supersonic factors 
Show positive gains. 


The effects of the biconvex section шау be seen from a 
similar analysis ав that for the variable camber. For the Cip = 0.1 
camber wings, the zero lift drag of the biconvex section is about the 
same as that of the NACA section at subsonic speeds, but at supersonic 
speeds the zero lift drag is significantly less for the biconvex 
section. The biconvex section has higher drag due to lift than the 
NACA section at subsonic speeds, and the same дгад due to lift as | 
the NACA section at supersonic speeds. Thus, the biconvex wing has | 
Superior supersonic performance benefits while the NACA section has 
в slight advantage at high CL's at subsonic speeds. 


Approximate increments of performance between the biconvex 
section and the NACA section, both with varisble camber, are shown | 
іп Table Ib. The biconvex section is superior to the NACA section \ 
except for some small decreases in performance in the low speed- 
high altitude region. 


The mechanization of the variable camber wing introduces 
essentially the same problems as those associated with movable con- 
trol surfaces. Тһе differences lie primarily in the fact that the 
required rate of motion is considerably less and that the juncture 
of the movable portion of the wing with the fixed portion be ade- 
quately sealed and smoothly faired. 


A layout of the structure for the variable camber leading 
edge is shown by Convair Drawing SD-56-08064. The variable camber 
section occupies the leading edge outboard 15% of the semi-span. 
The construction consists of honeycomb filled aluminum skins vith 
а spar extending along the hinge line and local supporting ribs. 
Methods are shown for providing a sealed joint and stabilized fair- 
ing at the hinge line as well as well as for the interconnections 
and seals necessary to accommodate wing deflections by a series of 
panels along the leading edge. 
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The variable camber leading edge is positioned by an ir- 
reversible screw jack, hydraulic drive system as shown in Convair 
Drawing SD-56-08065. Тһе primary screw drive shaft, driven by a 
hydraulic motor, drives the unit drive gear boxes providing a posi- 
tive measure of deflection to the variable leading edge. 


The servo positioning system, shown with а manual override 
in the event of system malfunction, would be the optimum method of 
progremming the deflection of the variable camber Leading edge. With 
this system, near optimum wing camber can be obtained at all condi- 
tions of speed and altitude. 


However, & system of lesser complexity can be used and 
still retain a very high percentage of the gains of variable camber. 
A minimum of two positions for Сір = 0.1 and 0.3 will provide a 
substantial benefit with а third position further contributing in 
the high subsonic and low supersonic regimes. 


Initial estimates of the variable camber mechanism indi- 
cated a growth in weight of wing structure (including actuating 
mechanism) of 500 lbs. Later more refined estimates yield а value 
of 250 lbs. 
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B. Canard; Canard/Inlet Relationship 


In addition to those performance effects (zero lift drag 
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and drag due to lift) affected by the variable camber-biconvex wing, 
consideration must also be given to minimizing trim drag, providing 
sufficient control power, and retaining reasonable landing and take- 
off distances. Studies on these problems have included investigations 
of aft horizontal teils, canard control surfaces and unstable config- 
urations having artificial stability devices and trimmed with either 


а canard or elevons. 


Trim drag, the drag resulting from the deflection of sur- 


faces to balance the aircraft longitudinal moments, is adversely 
affected by the transition from subsonic to supersonic flight by 
the aft shift in aerodynamic center (Figure 4a) and by decreasing 
aerodynamic surface effectiveness as supersonic speeds increase 
(Figure 4b). Та addition, high performance aircraft wings are 
relatively small to reduce wave drag thus resulting in high wing 
10841 85. High wing loadings апа high altitude operation both 
increase airplane lift coefficients and trim moments required. 


The combination of large trim moments and low surface 
effectiveness results in high trim drag. This trim drag can be 


reduced by a reduction of load on the trimming surface, by decreas- 


ing the stability of the airplane, or by increasing the moment arm 


те === 


of the trimming surface. 
| +0 


Ав has already been noted, elevator effectiveness drops 
off rapidly with increasing supersonic speeds. It is therefore 
necessary to provide an additional trim capability. 


Landing and take-off speeds and distances, 8 function 
of wing loading and maximum lift coefficient, are limited by 
trimming moment available and by maximum tail clearance angles. 
Further, ground effect causes an aft shift of the aerodynamic 
center for the F-106 type airplane which increases the trimming 
moment required for take-off. 
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Take-off characteristics can be improved by incressing 
trimming power through the use of a canard or an aft horizontal tail. 
Maximum Lift coefficients can be increased by the use of wing elevons 
as flaps but also require trimming forces to balance the pitching 
moment created by the flaps. 


ls Aft Horizontal Tail 


Preliminary tests of horizontal tails behind а delta 
Wing indicated the presence of adverse transonic pitching moment 
behavior for tails mounted above the wing chord plane. Further, the 
amount of fuselage and structure extending aft of the F-106 wing 
does not provide a sufficient tail moment arm. The problem of pro- 
viding the necessary ground clearance angles at take-off and landing 
with a reasonable aft tail arm precluded detailed investigations of 
the aft horizontal tail trimming method. 


Hovever, the aft tail does provide good take-off 
characteristics and also provides good waneuverability and trim 
drag at high speeds and altitudes. At high subsonic speeds, the 
aft tall provides better maneuverability than the canard or elevon 
configurations. 


г, Elevons 


The elevons, as longitudinal control surfaces, pro- 
vide a configuration that has superior acceleration characteristics 
compared to both canard and aft tail configurations. The additional 
wave drag and skin friction drag of a separate control surface is 
not present with the elevon control surface. 


Hovever, to realize this gein with the elevon system, 
it is necessary to minimize the lg trim drag with speed. As noted 
previously, the aerodynamic center shifts its Location from subsonic 
to supersonic speeds. ‘This effect is approximately а 12% MAC value. 
Unless this moment (about the c.g.) is correspondingly balanced out 
by aircraft CG shift by means of a fuel transfer system, the ге- 
sulting trim drag becomes excessive. For the same CG - A.C. rela- 
tionship, (12% range) a canard or aft tail can provide this trim 
more effectively than the elevon. 
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In & F-106 type single engine configuretion, it is 
impractical to provide а С.С, shift approaching this magnitude be- 
cause of the transfer volume requirements. Other factors associated 
with the elevon are poor supersonic high altitude trim drag and 
maneuverability because of the decrease in elevon effectiveness 
(Figure №). The take-off characteristics of the elevon system are 
inferior to both the aft tall and canard configurations. The disad- 
vantage of the elevon is the lerge negative lift developed along with 
the trim moment. 


3. Canard 


The addition of a canard surface to a F-106 type gir- 
plane increases the usable lift both at low speeds, where the angle 
of attack is limited by visibility, sink rate, or ground clearance, 
and at high speeds where the maximum lift coefficient is determined 
by maximum trimming moment. 


Planform selection of the сапага is based on the 
canard trimming power, drag characteristics, and flutter stability 
characteristics. Maximum pitching moment coefficients attainable 
for a series of canard planforus are shown in Figure 5. The 60° 
svebt canard provides the best average pitching coefficient. 


Flutter tests have indicated that the canard is stable 
аб speeds and dynamic pressures in excess of 20% beyond airplane 
speeds with the swept planform being more stable than the 15° delta 
surface. 


Aerodynamically, the effect of an 8.8% canard, set 
at а fixed attitude, on the longitudinal stability is shown in 
Figure ha in a plot of the aerodynamic center as a function of Mach 
number. As the canard size is increased, the aircraft center of 
gravity must be moved forvard with respect to the wing in order to 
maintain а minimum stability margin at the critical flight condition. 
For the F-106 type airplane, this critical condition occurs during 
take-off, approach and landing. 


As the center of gravity ls moved forward with re- 
spect to the wing, the following trends develop in the general 
arrangement of the aircreft: : 
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а. Те wing trailing edge moves back on the fuse- 
lage resulting in а less desirable wving-fuselage intersection. 


| b. Тһе slopes of the aft portion of the sonic area 
distribution become excessive aft of a certain wing position. 


co For а constant touch-down angle and main Landing 
gear-c.g. relationship the main landing gear must be attached nearer 
the wing leading edge where space and structural rigidity are critical. 


A configuration having a canard surface of moderate 
size (about 9% of the wing area) can be developed without incurring 
serious penalties due to these effects. A surface of this size is 
not capable of performing the entire Longitudinal control task, but 
in combination with the elevons, it produces desirable aerodynamic 
characteristics. 


Trim drag at high Lift coefficients and at high Mach 
numbers is significantly reduced when the longitudinal balancing 
moment is provided by a combination of the canard with elevons 
rather than by the elevons alone. The rate at which the drag іп- 
creases due to deflection of the control surfaces is shown in 
Figure 6a. It appears possible to link the elevon and canard sur- 
faces mechanically in such a way as to produce a minimum of trim 
drag at the more important flight conditions. 


Minimum total trim drag occurs at the pair of points 
where the sum of (ACm)c and (A Cn)e equals the total moment re- 
quired to trim and the slopes of ACD versus (“N Cm are equal for 
both surfaces. The canard and elevon deflections necessary to ob- 
tain the minimum drag values are shown in Figure 6b for various Hft 
coefficients at M = 2,35. This curve represents the desirable gear- 
ing between the canard and elevons since it allows minimum trim drag 
to be achieved both at high Mach numbers and at cruise. 


In addition, it allows a smooth variation to full 
deflection, assuring that maximum trimming power is always available. 


The effect of the canard on the maximum lift coef- 
ficient is shown in Pigure 7. Canard size as related to maximum 
lift coefficient is shown in Figure Тв. Тһе effect of the сапага 


CONE UDEN ДАМ, 


та 


ANALYSIS C O N VA | R РАСЕ 13 


PREPARED ВУ A DIVISION OF GENERAL DYNAMICS CORPORATION REPORT NO. ZP-8-520 


CHECKED BY 0 MODEL Adv, Е-106 
REVISED BY ПАТЕ March 28, 1958 


CONFIDENTIAL 


| with Mach number is shown in Figure 7b. This increase of trimming 
power available leads to better maneuvering characteristics at 
altitude and to improved landing and take-off characteristics. 


The effect of the canard on maneuverability at alti- 
tude is shown in Figure 8. At high Mach numbers the Зд maneuver- 
ability ceiling is increased approximately 15,000 feet by the canard. 
This represents an increase of more than 25% in 3g altitude over the 
F-106A. Тһе effects of the canard on the speed altitude curve of a 
tactical airplane are shown in Figure 9. 


In summary, the aerodynamic effects of the canard 
provide the following: 


Be Combined use of the elevons and s canard surface 
significantly improves take-off and ceiling performance and high 
altitude maneuverability, compared to the corresponding tailless 
airplane. 


b. <A fixed relationship between the canard and. 
elevon deflections can be determined which ylelds near-minimum drag 
for the more important flight conditions and 2150 allows full de- 
flection of both surfaces for maneuvering. 


In addition, indications are that а canard surface 
has a favorable effect on directional stability at the critical 
flight condition. 


A major problem associated with the use of a canard 
surface on a tactical airplane is the fuselage-canard-inlet geo- 
metrical relationships. Wind tunnel tests to determine the proper 
location of the canard relative to the inlet duct indicated that 
large Losses can result if the inlet is located in the conical flow 
field of the canard. These losses in terms of an increment of 
total pressure recovery are shown in Figure 108. 


The same tests showed that the canard wake entering 


| the inlet also caused large losses. As в result, а triangular 
| region vas defined, between the canard trailing-edge shock and the 
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сапага wake, in which the canard effect оп the inlet should be بے‎ 
Sh&ll... The 50" nose extension of the Advanced F-106 (I.B.) pro- 
vided this revised arrangement. 


Pressure losses at the inlet will still occur, but 
should be & function principally of the eirplane angle-of-attack and 
the сапага deflection. Pressure losses vere measured in wind tunnel 
tests. At low combined angles of attack and canard deflections 
(< 7”) the сапага has only а small effect. However, under maneuver- 
ing conditions and at high altitudes, both the angle of attack and 
canard deflections are increased. The effect of the canard on the 
inlet pressure recovery is shown in Figure 10b. 


Canard losses could be decreased by locating the inlet 
in the triangular region below the wake and aft of the expansion from 
the trailing edge of the canard lover surface. However, such an 
arrangement in a tactical airplane becomes difficult in regards to 
the location of equipment in the airplane and attempting to retain 
a minimum drag configuration. 


Because the losses associated with large canard de- 
flections are high when the canard is located in front of the inlet, 
and to eliminate adverse canopy and fuselage effects on inlet per- 
formance, it becomes desirable to extend the inlet forward on the 
fuselage with the canard located aft of the inlet. 


This arrangement adds to the skin friction drag of 
the airplane and also gives a weight penalty in increased duct 
length and in а more complicated canard support and control uech- 
anism. 


A typical structural arrangement for a delta type 

canard is shown in Convair Drawing SD-56-08089. The support structure 
shown is for a configuration where the canard is located directly 
off the fuselage where a carry-through structure is applicable. 
For the canard mounted aft of the inlet, the canard is mounted on 
the inlet requiring separate support through the frame. The total 
welght of the canard surfaces, support, and associated controls is 
estimated at 250 lbs. for the carry-through type. 
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Unstable Airplane‏ ہلا 


The analytical parameter studies, discussed in Section 
I.B, also investigated the effect of longitudinal stability on air- 
craft performance. The relationships between high altitude maneuver- 
ability, stability margin and canard volume are shown in Figure 11. 


Compared to the effects of the canard size and location, the stability 


margin has а large effect оп the high altitude performance. 


An extension of this work has indicated that an optimum 


stability margin exists оп the basis of high altitude performance. 
For the %8111евв airplane, this point is at approximately а -15% 


stability margin while for the canard, the point is at а -25% stability 


margin. However, the practical degree of low speed instability is 
limited by the control system capability. This amount of instability 
is less than optimum end for the present state-of-the-art, the tail- 
less arrangement is limited to а -5% margin 85 low speed and the 
сапага arrangement to - 10%. 


A performance comparison is shown in Figure 12 for 
the tailless configuration with stability margins Ф 0.0 and -.05 
and for the canard configuration with stability margins of 0.0 and 
-.10. The general results indicate that the canard version has 
better climb and altitude performance but has inferior accelera- 
tion characteristics. Also, take-off performance is improved by 
decreased stability margin and is further improved by a canard. 


In order to obtain the performance advantages of 
static instability, it is necessary to provide the pilot with auto- 
matic stability augmentation devices which will enable him to 
obtain satisfactory and reliable handling characteristics since 
the pilot is incapable of properly controlling a statically unstable 
aircraft. The system, therefore, must be extremely reliable. 


The device selected to provide this artificial static 
stability is а mechanical angle of attack computer. This "q-bob" 
system derives its intelligence from a bob weight and a "ас" sensi- 
tive spring. In addition, the development of an electric force 
stick configuration has been approached to provide the broad ver- 
satility of electrical systems in obtaining the desired dynamic 
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response, feel forces, speed stability and automatic tie-in. To 
attain а maximum in system reliability, а manual or back-up mode of 
operation is designed into the system such that in the event of the 
electric force stick system failure the aircraft is still flyable 
with the manual system. 


Good dynamic response is obtained through the opera- 
tion of а pitch demping function in the fleperons and acceptable 
feel forces are made available from a mechanical feel system similar 
to that of the Р-106 A/B employing a g-pot and а cam controlled 
centering arrangement. Likewise in the event of а g-bob failure, 
the electric force stick system alone is capable of providing static 
stability to the airframe. By making the electric force stick the 
normal mode of operation and having the q-bob operative at all tines, 
the desirable redundancy is provided which substantially increases 
the aircraft reliability. A functional schematic of the control 
system is presented in Figure 13. 


For Longitudinal control in the electric force stick 
mode, the pilot applies a load to the stick force sensor which is 
summed with acceleration and а function of pitching rate to form 
an error signal. The error signal commands both the canard and 
flaperons. The canard is actuated in this mode by engagement of 
the electric force stick actuator clutch and an automatic trim 
follow-up system removes the resultant forces developed by the 
emergency mechanical feel system. Sufficient symmetrically fl&p- 
eron action is available through the electrical authority of the 
dual input fleperon valves. The motion reflected to the stick is 
that which is directed into the canard. On analog simulation, а 
proper division of the error signel input between the electric 
stick actuator and flaperon valves provides a smooth and desirable 
stick response. The pilot also can manually override the electric 
force stick clutch to effectively cancel any electrical system 
failure, | 


Lateral control, in the electric force stick mode, 
is obtained by asymmetrical action of the flaperons as in the 
F-106A/B. Feel and centering forces are provided by 8 cam con- 
trolled spring. 
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Automatic longitudinal control is accomplished by 
generating the desired input electrically and imposing it upon the 
electric force stick actuator and flaperon valves in place of the 
force sensor output. Automatic Lateral control is obtained by en- 
gagement of the full suthority aileron actuator clutch and the 
limited asymmetrical electrical authority of the flaperon valves. 


The manuel mode operation is availeble upon disen- 
gagement of both the electric force stick actuator and full authority 
aileron actuator clutches. The automatic trim follow-up function 
at the canard becomes a manual trimming device operated from the 
control stick. 


The canard together with the flaperons produces an 
extremely versatile control system which can feature many desirable 
effects such as smooth stick motion reflected from the surfaces and 
fine dynamic responses. 


The landing problem for the unstable canard intro- 
duced additional problems in the flight sensing equipment which 
did not provide adequate control for this condition. It appears 
necessary to provide pitch attitude stabilization during ground 
roll in order to allow a normal landing procedure. 
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C. | Pre-Coupressor Cooling and Related Studies 
| 1. > Pre-Compressor Cooling 
! Thrust augmentation by means of pre-compressor cooling 
was proposed on the Advanced F-106 in order to extend the performance 
envelope beyond the capsbilities of the dry engine. А four phase 
pre-compressor cooling (PCC) test program was designed to investigate 
the effects of PCC on the performance of а P&W, 2-(5 Turbojet Engine. 
The test program was. conducted at the Arnold Engineering Development 
Center, Tullahoma, Tennessee,from July 30, 1957 through February 28, 
1958. 
The program consisted of the following phases: 
Fhase Configuration Test ве 
1 Straight cylindrical Investigate a series of spray 
зэх duct. bar configurations to determine 
the optimum arrangement for use 
in Phase IL. 
II Straight cylindrical Investigate effects of FCC on 
duct with РЕМ, J-57- J-57 turbojet engine performance. 
Р-11 engine attached. Uncover possible problem areas 
of later phases. 
Cy 
111 Bifurcated aircraft Investigate two spray bar con- 
type duct. figurations to determine the 
optimum one for use in Phase IV. 
IV Bifurcated aircraft Investigate effects of PCC on 
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availability of the J-75 engine was questionable. 
of the J-57 during the Phase II testing. 


type duct with РЕМ, 
YJ-T5-P-3 Engine 
attached. 


J~75 turbojet engine performance 
using a realistic inlet duct 
configuration. 


During the planning period of the test program, the 


Hence, the use 
The preliminary information 
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and ехрегіепсе obtained from Рһаве ІІ contributed substantially to 
the success of Phase IV. А discussion of the phase IV results 
follows: 


А РЕМ YJ-75-P-3 Engine, Serial Р-610002, was operated 
for а total of one hundred and five hours of which forty-six and one- 
half hours were at maximum &fterburning power. Of this forty-six 
and one-half hours, forty hours were run with water on. Ко adverse 
effects on the engine or engine controls vere observed &s а result 
of operating tbe engine vith PCC. 


At maximum RPM, the P-3 engine is compressor face 
temperature Limited at 700° 8 (Ме 2.0). Successful continuous 
operation up to initial inlet air total temperatures of 880° R 
(M = 2.5) was accomplished during the test program. These operating 
conditions are shown as open circles on the envelope Рог РСС perform- 
ance documentation, Figure ll. At each open circle condition, the 
water-air ratio was varied from the minimum required to prevent the 
compressor inlet total temperature from exceeding 700% R up to the 
theoretical saturation value. Higher Mach number operation was 
accomplished for а short duration when the initial inlet air temper- 
ature wes increased to 1100° R (M = 3.0) by maintaining the minimum 
water-air ratio to prevent compressor face temperature from exceeding 
700° R. These operating conditions are shown as solid circles on 
Figure 14. 


The net thrust, airflow, and specific liquid consump- 
tion at altitudes of 45,000 feet and 75,000 feet are shown in 
Figures 15 through 20. The solid lines represent the crossplots 
of the actual data obtained. The dashed lines represent the maximum 
theoretical values possible based on 100% evaporative efficiency 
(defined as the ratio of actual temperature drop to the maximum 
theoretically attainable temperature drop). 


The net thrust and engine airflow performance aug- 
mentation resulting from РСС at saturation water-air ratios is given 
in Table I.I. А11 velues are derived from Figures 15, 16, 18, and 
19. Column Three gives the thrust and airflow attained without РСС 
(subseript-dry). Column Four gives the value actually attained with 
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theoretical saturation water-air ratio for the free stream total 
pressure and temperature representing the flight conditions of 
Column One and Two (subscript-sat.). Column Five gives the value 
based on theoretical saturation water-air ratio with 100% evaporative 
efficiency and represents the highest theoretical value attainable 
with PCC (subscript = at sat. & 100% evaporative efficiency). 


Column Six gives the percent of actual augmentation 
obtained (Column 6 = (Col. № - Col.3)/Col. 3) and is applicable only 
for flight conditions where the engine can operate in the dry condi- 
tion. For the JT-hB-22 engine, which could operate without PCC 
within the envelope represented by open circles on Figure 14, the 
percentage of actual augmentation could be cbtained for all conditions 
therein. Column Seven gives the percent of maximum attainable thrust 
ratio that was actually obtained (Col. 4/Col. 5). 


The percent of maximum attainable thrust augmentation 
is found by dividing the difference between dry and actual saturs- 
tion values by the difference between dry and theoretical saturation 
value based on 100% evaporative efficiency. As in the other cases, 
this percent value is only applicable for the flight conditions 
where the engine can operate without PCC. The percent of maximum 
theoretical augmentation for a series of points of Table I.I is as 
follows: 


Speed Altitude Theo. 
M = 1.80 45,000! 67 
1.994 (max. dry) 45,000! 46 
1.80 45,000" 64 


1.980 (max. dry) 75,000! 93 


The trend indicated by these values is that with 
higher Mach numbers at higher altitudes, the higher the percent of 
theoretical maximum augmentation attainable. This data corroborates 
calculations made prior to the testing. 


FORM 1812 -AM 


ANALYSIS СОМУАІР FASE 21 


PREPARED ВУ А DIVISION OF GENERAL DYNAMICS CORPORATION REPORT NO. ZP-8-520 
CHECKED BY (SAN DiEGO) MODEL Adv, F-106 
REVISED BY DATE March 28, 1958 


CONFIDENTIAL 


With the JT-4B-22 engine which is М = 2.5 limited 
(ағу), 80% of theoretical thrust augmentation vas applied for use 
with the Advanced F-106 study calculations. The above trend indi- 
cates that this is justified. 


The two curves of specific liquid consumption versus 
Mach number, Figures 17 and 20, show that the actual and theoretical 
SLC are in close accord, and that for some conditions at 15,000 feet, 
measured values of SLC are less than theoretical. This can be attri- 
buted to some thrust augmentation resulting from interstege cooling 
of the eir due to raw vater entering the compressor and evaporating 
in the first few stages of the low pressure rotor. At а constant 
vater-air ratio with changing total pressure and temperature (in- 
creasing Mach number at constant altitude), the interstage cooling 
effect varies, giving the actual SLC curve a different rate of; change 
than the theoretical where interstage cooling is not applicable. 


Figure 21 shows the amount of water required for а 
кс constant Mach number and altitude flight condition for either actual 
saturation or minimum vater-air ratio for а 5, 10 ог 20 minute vater 
on flight period. By following the dashed arrow line, at 45,000 
feet end M = 1.90, 1430 lbs. of water would be required for a five 
minute flight maintaining continuous saturation water-air ratio. 
By interpolating, an approximate weight of water can be determined 
for a changing flight condition. For example, starting at 45,000 
feet and M = 1.90, and accelerating to 65,000 feet and M = 2.1, 
requires approximately 2700 lbs. of water (a 10 minute period main- 
taining continuous saturation water-air ratio} 


The water spray system consisted of two manifolds of 
twelve spray bars each, for each leg of the bifurcated duct, or a 
total of 48 spray bers. Тһе spray bars were small tubes projecting 
radially into the duct with holes drilled perpendicular to the air- 
flow, The water pressure was varied from 30 to 300 рві. 


The effects of РСС (with 809 evaporative efficiency) 
on the Advanced F-106 аге shown in Figure 21.1 in terms of thrust 
and drag variation with altitude. Іп addition to the ceiling in- 
crements attainable with РСС, there is a significant effect оп 
climb and acceleration characteristics. 
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Both climb and acceleration performance are а func- 


tion of the excess thrust. For example, at М = 2.0 and 5,000 feet 
below the рее ceiling, the dry JT4B-22 engine has an excess 
thrust of 1,000# and with PCC, has an excess of 1,700#. ‘This 
additional thrust also improves maneuvering characteristics in 


permitting higher в loadings without deceleration. 
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2. Propulsion System Studies 


. The propulsion system studies were conducted іп 
three phases: (a) Comparison of the J-75 (JT4B-22) engine with- 
out PCC and with PCC optimized for large thrust increases, (b) 

Same as (a) except that the installation was optimized for water- 

off operation thus considering PCC as a supplemental method of 
increasing thrust, (с) Study of the 2-58 (JT11-5A) engine installa- 
tion. 


a. Initial performance of the JThB-22 was evaluated 
considering maximum РСС аб M = 2.5 which required an inlet capture 
area of 14.1 square feet. At lower Mach numbers, the bypass and 
additive drag of this configuration was prohibitive. 


Additional evaluation to determine the best 
inlet size which gave high PCC augmentation and yet did not affect 
ہے‎ the low speed performance severely, resulted іп an inlet sized for 
the air requirement of full РСС at M = 2.3. This resulted іп а 
capture area of 11.7 square feet. 


Installed engine performance is shown in Figure 
22 with the totel liquid flows in Figure 23. At М = 2.3, the thrust 
is increased by approximately 65% over the dry engine for an increase 
in specific liquid consumption of approximately 70% over the dry 
specific fuel consumption (Reference 63 of Appendix B). 


The results of the pre-compressor cooling tests, 
discussed in the previous sections, have verified the 80% evapora- 
tive efficiency used in obtaining the above data at high Mach numbers 
and altitudes. 


b. The JT4B-22 was also considered with and without 
PCC for the inlet sized for water-off operation (Reference 90 of 
Appendix B). ‘The inlet for this configuration was sized for the 
М = 1.6 dry air requirements resulting in в capture area of 9.7 ва. 
feet. For normal operation, bypass would be required at higher Mach 
numbers if the inlet mass flow ratio is to be held to values giving 
minimum drag. However, additional thrust can be obtained by induct- 
ing the bypass air into the engine by using PCC. 
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Installed engine performance is shown in Figure 
2l with the total liquid flows in Figure 25. А5 Ма 2.3, and 65,000 
feet the thrust is increased by approximately 35% with a corresponding 
increase in specific liquid consumption of 35%. 


с. The 2-58 was included in the evaluation when the 
schedule of engine production became compatible with that of the fire 
control system and airframe. The instelle performance for the 4-58 
18 given in Figure 26 and the fuel flow in Figure 27. 


In general, the 47-58 provides the following ad- 
vantages relative to the JT4B~-22; (1) higher supersonic thrust; 
(2) lower afterburning specific fuel consumption; and (3) a lighter 
engine. The main disadvantage of the J-58 is in higher subsonic 
specific fuel consumptions. 


With this powerplant, large thrust increases are 
obtained over the JT4B-22 optimized with or without water. At М = 
2.5 and 65,000 feet the JTLhB-22 optimized with maximum PCC gives but 
84% of the J-58 thrust and at a specific Liquid consumption which is 
205% the Specific fuel consumption of the J-50. For the configuration 
optimized to water-off conditions (b), 70% of the thrust of the J-58 
is obtained with 135% of the J-58 specific fuel consumption at this 
condition. 


In Figure 28, the Fuel Specific Impulse is given 
as a function of Mach number for the engine installations considered. 
Тһе 2-58 is superior to any of the JThB-22 installations. The slight 
advantage that exists with the JThB-22 engine with РСС (Optimized on 
dry air requirements) over the агу engine is the result of using the 
bypass eir that is normally dumped overboard by the dry engine. 


3, Internal Compression Inlet 


Tests with internal compression inlets have indicated 
that the cowl drag of this configuration is less than that for the 
external compression type inlet. The comparative drag reduction 
through the use of internal compression inlets is shown in Figure 
28.18, ав а percent of equivalent thrust gain versus Mach number. 
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These tests have also shown that an improved pressure 
recovery can be obtained over the external compression inlet at de- 

| Sign Mach numbers greater than 2.0. The pressure recovery for a 
| series of inlets is shown in Figure 20.1b. 


In addition to these gains, the internal compression 
inlet more nearly approximates the engine airflow requirements than 
does the external compression inlet. (Figure 28.2) The result is a 
decrease in drag due to a lower amount of ejected bypass air. 


The inlet performance of the Advanced F-106 was esti- 
mated from experimental data obtained during tests of a single nacelle 
internel compression inlet at Pt.Magu. The test data was corrected 
to account for the pressure Loss incurred by the proximity of the 
fuselage to the inlet since the actual performance depends on the 
10681 flow conditions. This environmental field influencing the 
inlet airflow is a function of the fuselage shape and the position 
of the inlet relative to the fuselage. To verify the predicted per- 
Кызу formance, @ 1/12 scale model incorporating a forward fuselage, canopy, 

| and twin side-inlets (Figure 29) was tested in the Langley Aeronautical 
Laboratory 4' x 4' Unitary Plan Wind Tunnel. 


Experimental results have indicated that fuselage 
forebody creates an overvelocity field at the face of the inlet. In 
addition, a velocity gradient, due to fuselage cross flow and canopy 
influence, exists across the inlet face. The net result is а loss 
in inlet pressure recovery. 


| Addition of internal spike support struts caused ex- 
| cessive changes in internal diffusion rates; and a bleed system, not 
optimized for the inlet throat location, resulted in lower pressure 
| recoveries than previously attained. А loss in inlet pressure ге- 
covery also can be attributed to the low Reynolds number of the test. 
Figure 30 gives the effect of Reynolds number on the inlet pressure 
recovery at the design Mach number of 2.50. Noted on the figure is 
the Reynolds number which would result for a free stream M = 2.5 at 
60,000 feet. In Figure 31, the predicted inlet pressure recovery is 
shown with the reduction due to the above losses and the resulting 
experimental values. 
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The effect of the canard on the inlet performance 
is discussed in Section II.B.3. 


The inlet installation gave no indication of twin 
duct instability and proved to be relatively insensitive to changes 
in angle of attack between O and 3 degrees and in angle of yaw be- 
tween + 2?. At off design Mach numbers, the inlet performance vas 
good (a recovery of „87 at M = 2.0 was attained), but still below 
the predicted values. 


The results of the tests lead to the following 
recommendations : 


8. Revise the fuselage Рогебоду to result in a 
neutral or comession field at the inlet stations. 


De locate the inlet forward of the influence of 
the canopy. 


с. locate the canard aft of the inlet station 
(Section II.B.3). 


The variable geometry internal compression inlet, de- 
signed to operate over а vide range of flight conditions, requires а 
precise automatic control system to optimize inlet performance. The 
variable geometry features of the proposed inlet include а translating 
Spike for varying the internal contraction, апа а bypass system for 
positioning the terminal shock (Figure 32). Тһе proposed control 
System vill position the spike ав а function of flight Mach number, 
and the bypass &s & function of terminal shock position. Normal 
control operation is sechieved when the terminal shock is downstream 
of the inlet throat. The desired control action is to maintain the 
terminal shock as close to the inlet throat as possible with an ad- 
equate response rate to prevent terminal shock regurgitation. This 
action is accomplished by forming а ratio between the spike surface 
static pressure in the vicinity of the terminal shock, and the total 
pressure further downstream. The ratio is then supplied to an 
analyzer, the output of which is used to position the bypass door. 
As the bypass door is opened or closed, the terminal shock moves 
downstream or upstream in response to pressure changes downstream 
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The sequence of events in the control system орега- 
tion is as follows: Ав the terminal shock structure passes over the 
static pressure sensor в pressure ratio change signal results. The 
analyzer examines the change signal and moves the bypass so as to 
return the terminal shock to its original position. In the event 

of terminal shock expulsion, the bypass is opened to maximum position 
and the spike is extended at maximum rate. When the inlet has re- 
started, the normal control sequence is resumed. 


To determine the feasibility of this method of inlet 
control, an analog computer study of the system was made. To provide 
an understanding of the scope of the analysis, а control system block 
diagram is included in Figure 33. The diagram indicates which inter- 
actions within the control system were considered, and enumerates the 
control parameters investigated. To provide as realistic analysis 

as possible, results of wind tunnel tests were included in evaluating 
system parameters. It was necessary, however, to derive analytic 
expressions for some parameters such as diffuser and terminal shock 
dynamics (Reference 85 of Appendix В). The most severe transient 
disturbances to the control system were assumed to be a step input 

to the throttle position. 


Frou the analytical studies of internal compression 
inlet controls, the following conclusions are made: 


а. Тһе control system is feasible. 


b. The optimum control system requires the bypass 
to be close to the terminal shock. 


с. Satisfactory control operation depends on the 
pressure sensor location, saturation limits of the pressure sensor, 
control set points, loop gain, dynamic response of the various com- 
ponents (mechaniem, diffuser, valve, etc.) and non-linear gain 
compensating devices. 


d. А wind tunnel test program is necessary to check 
the validity of the parameters used in the analog study, and to 
evaluate the inlet control system under actual operating conditions. 


The proposed unit for the inlet controls / test program 
is shown by Convair Drawing WUT-57-82515. 
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а. Ejector 


| Effective thrust augmentation of а convergent nozzle 
is provided by an ejector. Гог the Advanced F-106, a series of 41- 
vergent ejectors were tested statically and in wind tunnel installa- 
tions. 


Preliminary net thrust ratios, defined as the ratio 
of the convergent nozzle plus divergent ejector net thrust of the 
propulsion system to the convergent nozzle net thrust of the propul- 
sion system, for the Advanced F-106 at 35,000 feet for max. JT4B-22 
А/В power are shown in Figure 34. 


The predicted curve was estimated from various ejector 
data and it was assumed that the performance could be attained through 
а development program. The ideal convergent-divergent nozzle is 
included as a reference. 


The estimated net ejector thrust ratios for the static 
test compares favorably with the predicted values. The wind tunnel 
results had not been completely analyzed at publication time. Тһе 
data were recorded for configurations that vere not on design at 
each Mach number. Therefore, the results must be analyzed to obtain 
correlation with the static test results. 


The design studies on ejectors were initially directed 
to obtaining a completely variable ejector in diameter at both the 
throat and exit by an overlapping leaf arrangement. Thus an ideal 
throat and exit diameter could be maintained for any Mach number 
from take-off to maximum speed. This design required two individual 
actuating systems plus a complex seal between overlapping leaves. 

It is anticipated that such а mechanical device would require ex- 
cessive maintenance in service. Further, the weight of this ejector 
has been estimated at 1000 lb. This ejector design is shown in 
Convair Drawing SD-57-08119. 


To eliminate the undesirable problems of this design, 
а different design philosophy uas evolved, that of providing an ef- 


fective variation by means of bleed doors. The ejector throat and 
exit diameters are designed for M 2 2.5 optimum v&lues. Bleed doors, 
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located at the throat of the ejéctor, allow ambient air to enter the 
ejector, thus preventing over expansion of the exhaust gases.  Al- 
| though the ideal expansion ratio ls not attained for all Mach numbers, 
| the net thrust ratio approaches the predicted performance. 


The operating mechanism of this type ejector is 
greatly reduced and the weight is estimated at 500 lbs. This ejector 
design is shown in Convair Drawing SD-57-08161. 


5. Related Studies 


The effecta? higher performance and increased tempera- 
ture on various aircraft sub systems vas considered in this study. 


a. Air Conditioning System 


An sir cycle system is proposed for the Advanced 

7-106. Although an air cycle system has limitations, the forced air 

ши requirements of the fire control system render а vapor cycle system 
unfeasible. 


The air cycle system uses engine bleed air as a 
pricary fluid for sir conditioning and pressurization, and engine 
inlet diffuser air as a sink for heat rejection. The basic com- 
ponents of the system consist of an air-to-air heat exchanger, a 
water boiler, a turbo-compressor unit, necessary valves, ducting 
and controls. For an engine with PCC, a mechanical water separator 
would be required in addition to the above components. 


A 5.5 psi cabin pressure is recommended rather 
than an 8,000 ft. equivalent pressure as a substantial increase in 
cooling capacity with reduction in structural weight may be achieved 
by @ lower cabin pressure schedule. The cabin pressurization schedule 
controls the maximum available pressure ratio across the refrigera- 
tion turbine at a given operating condition. А higher pressure ratio 
yields & greater temperature drop obtainable through the turbine. 


To maintain maximum airplane performance by 


keeping bleed airflov to s minimum, requires insulation of some 
compartments. Іп addition, в net reduction in airplane velght шау 


be achieved by insulation. 
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b. Кадоше апа Canopy 


Тһе radome of the Advanced F-106 will be sub- 
jected to temperatures of 430° P at the base of the nose boom and 
380% + 10° F at the surface of the radome cone. ‘Two laminates, 
Vibrin 135 and 136, show promise on the basis of preliminary tests. 
The material used will depend to a large degree on the transmission 
characteristics that are established. Developments indicete that 
no fundemental problems should be encountered in establishing a 
satisfactory radome configuration. 


Effects of temperature on the windshield have 
| | been considered by applying the most severe flight profile ОҒ аего- 
| dynamic heating to the windshield by а digital program. The resulte 
ing transient temperatures on the windshield surfaces are shown in 
Figure 35A. The thicknesses of the recommended panel components and 
the resulting temperature gradients are shown in Figure 35B. The 
outside ply of glass will be subjected to a severe thermal shock, 
~ thus requiring а low coefficient of expansion glass. The high in- 
ternal temperatures require a high temperature silicone compound for 
the interlayer material. 


A development program will be necessary to deter- 
wine the compatibility of the silicone interlayer and an electrically 
conductive coating (for anti-icing and anti-fogging). Optics and 
adhesion in the laminate are also in need of improvement. 


The high boundary layer temperatures preclude 
the use of plastics for the canopy. Because of the Limited devel- 
opment of high temperature plastics, the canopy construction must 
be similar to that of the windshield. 


с. Engine Oil Cooling 


Fuel is used as the main heat sink in providing 
engine oil cooling. Supplementary cooling may be required at high 
altitude, low Mach number conditions and during low power decelera- 
tion from high speeds. At low Mach numbers, this supplementary 
cooling сап be accomplished by air-oil heat exchangers. АБ the 
high speed conditions, a water boiler type unit is sufficient. 
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Since the low speed supplementary cooling will 
be required more frequently, a combination cooling system using 
fuel, ram air, and water was considered. Figure 36 shows a schematic 
circuit of an engine oil cooling system that includes these 3 coolants. 
The water boiler can be pressurized to provide temperature control. 


а. Aerodynamic Heating 


The high temperature of the stagnation and 
boundary layer air over the aircraft surfaces limits the design 
flexibility. Several restrictions are imposed on materials selec- 
tion, compartment cooling and the operating life of the airframe and 
equipment. 


General exposure temperatures for a M= 2.5 
design are 375° F or less for the major portion of the airframe thus 
permitting the use of aluminum alloy construction. Leading edges 
of engine inlet ducts and wings as well as the area around the engine 
turbine will be exposed to temperatures between 375° to 425° F and 
will require a higher temperature material as will the internal 
walls of the inlet duct. 


internal structure, except in the area of the 
engine, will be at a lover temperature than the exterior surfaces. 
However, stiffener flanges adjacent to and in contact with the skins, 
will have temperatures approaching those of the skins. In Figure 37, 
the temperatures through a typical section are shown as they approach 
equilibrium temperatures. during а high rate of acceleration to Vmax 
from а cold soak condition. The temperature gradients giving rise 
to thermal stresses are also shown. If the web in this example 
vere partially submerged in fuel, then the thermal gredients vould 
be appreciably higher. 


Engine compartment temperatures can be reduced 
by а radiation shield. Figure 38 indicates such а shield must be 
used to maintain the temperature within the range of aluminum or 
titanium capabilities. 


Equipment compartment temperature control can 
be obtained by a combination of insulation and internal cooling. 
Cooling and insulation requirements may be estimated from the 
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materiale used, external temperature conditions and the іпбегпв1--/ 
environment that must be maintained, In non-conditioned compart- 

| ments, the ambient eir temperature will reach an equilibrium tempera- 

| ture between stagnation and boundary layer temperatures. Many of the 
components that are normally located in non-conditioned areas may 

| have to be relocated unless they are developed to withstand higher 

| operating temperatures. 


Fuel temperatures as a result of aerodynamic 
heating will not exceed 200° F. Figure 39 gives the temperatures 
of the fuel in tio wing tanks. This example assumes four separate 
uninsulated fuel tanks in each wing, a fin fuel tank and 7000 lbs. 
of fuel in a fuselage tank with the fuel sequencing as used for C.G. 
control. Since all of the fuel passes through wing tank #3, the 
temperature history of this tank is of most interest. 


For airplanes with a design M = 3.0 or higher, 
some type of fuel tank insulation will be required. A general 
evaluation has indicated that a stainless steel honeycomb skin may 
be а sufficient barrier for 5 to 10 minutes of flight at M = 3,0. 


Explosion hazards of JP fuel vapor will result 
at temperatures above 450° Р. When fuel cells become heated to 
this temperature, about M = 2.7, some inert gas must be used for 
tank pressurization. The Ме 2.5 airplane will require no special 
precautions against fuel explosion hazards. 


e. Structural Heating Criteria 


The structural effect of the aerodynamic heating 
as speeds are increased has led to the selection of 2014 aluminum 
alloy rather than 7075 because of its superior high temperature 
strength. However, it will be necessary to obtain additional in- 
formation on the at temperature properties of this material prior 
to its use __, beyond temperatures of 300°. To do this, Convair is 
engaged in a test program to expand the ANC-5 data shown in Figure 


39.1. 


A series of cross-plots from interpolated data 
of Figure 39.1 has resulted in а relative structural welght varia- 
tion with Mach number and exposure time ав shown in Figure 39.2. 
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The data has been normalized with respect to а М - 2.3 design, inas- 
much as the at temperature strength for this point has a constant 
value up to 100 hours (Figure 39.1, Point A). Thermal stress effects 
have algo been included. 


The optimum points of these curves lie in the 
vicinity of M = 2.5 with respect to the structural weight increase. 
А 20 hour exposure, for example, with ап increase of speed from 
M = 2.3 to 2.5, requires a 26% structural increase in weight while 
an increase from M = 2.3 to 2.6 requires а 66% increase іп weight 
over the M = 2.3 design. 


On the other hand, the weight increase as а 
function of exposure time is relatively linear, For the Е-106-30 
(Section IV), providing for 100 dash missions,requires a 35 hour 
exposure design. 
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D. Escape Capsule 


With the increasing operational speeds and altitudes of 
modern weapons systems, the requirements of а safe escape system 
for the pilot become more stringent. On the escape capsule studies, 
the folloving requirements have been considered: 


1, The occupant must be completely enclosed when sepa- 
rated from the aircraft. The capsule must provide environmental 
protection ageinst dynamic pressure, low ambient pressure, and lack 


of oxygen. 


г. Тһе capsule must be an aerodynamically stable free 
flying body of low drag configuration in order to avoid excessive 
acceleration on the occupant after separation from the aircraft. 


3. Тһе complete capsule must be recovered while still 
occupied by the pilot. 


lh. The capsule shall serve ав a survival shelter after 
landing, on Land or water. 


Four types of capsules were considered as having possible 
application to the Advanced F-106. These are: 


1. The Nose Capsule which consists of all the aircraft 
structure forward of the eft end of the pilot's compartment. Ве- 
cause of the large radar antenna and amount of electronics required 
in the mose of the Advanced F-106 and the large fuselage cross 
section, the resulting weight of the capsule would be approximately 
5000 lbs. and have a cross-sectional area of about 20 sq. ft. The 
8126 of the stabilizing devices, recovery system, and ejection 
power unit would be large and thus impose a severe weight penalty 
on the airplane. 


2. Тһе Enclosed Seat Capsule (Figure 40a) is essentially 
an ejection seat in which the pilot is enclosed. This is the mini- 
mum unit to meet the escape capsule requirements. It is the minimum 
veight capsule and will have the smallest recovery package and power 
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unit, and further, will have the least number of disconnects at 
ejection. The stability and loading problems are similar to those 

of the ejection seat, therefore, some type of pre-ejection position- 
ing to near trim attitude will be required. The enclosed seat cap- 
sule, ав it ів installed within the cockpit enclosure, vill require 
an increase in the canopy size to provide ejection clearance. Stowage 
of the moving parts of the capsule enclosure will cause some inter- 
ference with normal flight operations while emergency actuation and 
sealing of these closures prior to ejection presents additional 
design complexity. 


3. Тһе Canopy Capsule (Figure 40b) consists of the air- 
craft canopy and adjacent structure. Prior to ejection the pilot is 
positioned in a semi-supine attitude and a clamshell door is closed 
to seal the bottom of the canopy. This unit utilizes existing 
structure as the major portion of the canopy while still leaving 
behind most of the cockpit equipment. However, it requires a complex 
‘mechanical system to position the occupant and close the clamshell. 
In addition, this re-positioning must be provided with the position- 
ing space requirement and will result in a larger canopy. 


4. Те Cockpit Capsule (Figure 40c) features integration 
of the normal flying operation and the escape function by permanently 
enclosing the complete aircraft cockpit. Although the ejected weight 
(1500 10.) is greater than Рог the canopy type (1100 lb.) or the 
enclosed seat (600 1b.); it does not represent a large aircraft 
weight penalty as a major portion of the ejected weight consists 
of existing aircraft structure and equipment in the cockpit area. 
Further, it does not require pre-positioning devices prior to 
ejection. This capsule, since it allows more pilot mobility, of- 
fers superior survival shelter after landing than the enclosed seat 
or canopy types. The canopy size may be reduced from the Е-106 
canopy since its design will not be based on clearances required 
for an ejection seat. 


The nose capsule, because of the severe weight penalties, 
and the enclosed seat capsule, because of the mechanical complexity 
required to insure sealing along with its installation requirements, 
vere not investigated in detail. Aerodynamic testing, analytical 


Рой ۱٥٥۶ ۰۱م-‎ 


врата ПИРИ КАЛКАН: күлү: ЕЕ 


34 


ANALYSIS | CONVAIR PASE 36 


PREPARED BY A DIVISION Or GENERAL DYNAMICS CORPORATION REPORT NO. ZP-8-520 
CHECKED BY 79 MODEL Adv. Ғ-106 
REVISED BY DATE March 28, 1958 


СО 
- Ка ГА 


NFIDENTIAL 


Studies and design evaluations vere directed towards the canopy type 
and the cockpit type capsules. Basic single-place configurations © 
Por these types are shown in Convair Drawings SD-57-08134 and 
SD-57-08174. А two-place configuration is shown in Convair Drawing 
SD-57 -08136. 


The investigations were concerned with the sequential steps 
required in the operation of the escape system. These steps are: 


1. Switch to emergency pressurization. Тһе sir in the 
cabin will be trapped at ejection and will be sufficient to prevent 
de-compression and anoxia, however, because of probable leakage an 
emergency pressurization system is provided to maintain a cabin alti- 
tude of 12,000 feet during descent. 


2. Deploy stabilizing devices. Free flight stabilization 
of the capsule may be accomplished by means of fins attached directly 
to the parachute compartment or attached to long booms extending aft 
from this compartment. 


3. Fire rocket. The rocket ejection unit will provide 
sufficient thrust to insure satisfactory clearance of the aircraft 
under а11 escape conditions, and ejection to a safe recovery height 
under low altitude escape conditions. 


4, Disconnect capsule from airplane. 

5. Disconnect controls, electrical leads, etc. 

6. Deploy drogue parachute. Immediately after separation 
from the aircraft a small parabrake will be deployed which will slow 
the capsule to safe speed for deployment of the main parachute. 

и Ч. Deploy main parachute. А combination speed and 8141- 
tude sensing device will control the main parachute and will deploy 
it only after the capsule has slowed to safe deployment speed and 
descended to a pre-set altitude. 


8. Inflate auxtliary flotation devices (if required). 
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9. Collapse main parachute after landing. 


The design studies have determined the parameters required 
to mechanize the ejection sequence and the effects of the capsule 
on the airplane. Since both the canopy and cockpit capsules are 
partially internal and partially external to the aircraft, they must 
be installed in a large cutout in the aircraft fuselage. This is 
the same type of cut out, although larger, and in the same vicinity 
as the normal cockpit cut out іп most airplanes. Conventional struc» 
tural design can be followed in reinforcing this cut out with large 
Sill beams. Where necessary, bulkheads, stiffeners, etc., may be 
added beneath, alongside, and in front or behind the capsule to 
provide necessary fuselage structural integrity or to isolate condi- 
tioned compartments. The capsule will be attached to the aircraft 
by quick release fittings. 


The aerodynamic studies оп the capsule included the вејес- 
tion of feasible configurations, wind tunnel tests to determine 
Ае aerodynamic characteristics, analog computer studies to ascertain 
the ejection characteristics, slingshot tests of improved configura- 
tions, determination of airloads on а typical capsule and a brief 
study of а two-man capsule configuration. 


As the study progressed, wind tunnel tests showed that 
the configurations selected were Lateral-directionally unstable 
and that а severe trim change occured vith Mach number. 


Slingshot tests on a series of free flight model config- 
urations (Figure #1 ) vere conducted. The results indicated that 
it is difficult to achieve satisfactory dynamic characteristics for 
the capsule with stabilizing fins attached to the body. Attaching 
stabilizing fins to booms projecting aft and away from the capsule 
enabled much better flight characteristics to be attained, due to 
increased damping and а higher fin effectiveness in free stream air 
away from the capsule. The poor directional stability character- 
istics can be corrected with a boom-fin combination. In subsequent 
low speed wind tunnel tests of the boom-fin stabilized slingshot 
developed capsule, the same results were attained. 
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The pitching moment characteristics of the capsules studied 
were such that the designs would not provide a satisfactory escape 
at all the design flight conditions for any feasible combination of 
rocket thrust, rocket burning time and tail incidence setting as 
determined by analogue computer studies. The results for the two- 
man capsule, using estimated aerodynamic characteristics, show that 
theoretically it could be utilized successfully with the correct 
combination of parameters. However, the margin of safety would be 
small. 


The difficulty lies in the basic aerodynamic characteristics 
common to all the capsule types examined. In all cases a large change 
in pitching moment at zero Lift occured with Mach number, especially 
with stabilizing fins attached. This characteristic caused a large 
variation in trim Lift coefficient with Mach number for a given tail 
incidence setting. The result is that to attain the minimum lift 
coefficient required for successful escape at M= 1.5 at sea level, 

а negative tail incidence must be used, while to limit the lift 
x coefficient at M = 2.5, а positive tail incidence is required. 


To correct this problem and obtain a capsule shape which 
will give satisfactory ejection characteristics at all flight соп- 
ditions, the capsule must be designed to give а more symmetrical 
shape, eliminating the flat underside of the nose. 


In general, the escape capsule studies have resulted in 
the following basic conclusions: 


l. А capsule of the completely enclosed cockpit type 
is practical for application to an Advanced F-106 type aircraft. 
Although a major portion of this study was directed towards both 
the canopy type and cockpit type escape capsules, the cockpit type 
was selected since the added mechanical complexity of the required 
positioning and closure mechanism of the canopy capsule was not 
warranted on the basis of в slight superiority aerodynamically to 
the cockpit type. 


г. Development of а capsule Гог integration into this 
type of airplane will require substantial development engineering 
prior to incorporation into a production aircraft. Additional аего- 
dynamic development work is required to further verify the configura- 
tion recommendations developed during the course of this study. 
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3. When the capsule free flight problems аге solved to 
provide а shape that is completely satisfactory over the entire 
required performance area, the task of designing it into the air- 
craft should involve no problems which cannot be solved by known 
design techniques. 
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ІІІ. Fire Control, Armament and Weapons Systems Factors 


Concurrent with the studies on aircraft design features dis- 
cussed in Section II, studies were directed towards the controlling 
factors of the fire control system and the operational aspects of 

the Advanced F106. 


А. Operational Aspects 


The operational concepts resulting from these studies 
were applied to the Ғ-106-30, a description of which follows in 

Section IV of this report. The following summary is derived from 
one of the supporting documents of the F-106-30. (Reference 15) 


The Е-106-30 is designed for zone of interior defense 
ageinst manned bomber threats in the 1962-1965 era. It represents 
а logical extension of the Ғ-106А and the F-106C (Е-106А with 40" 

radar antenna) concepts, including an improved fire control system, 
armament, engine and aerodynamic capabilities. 


It possesses the ability to destroy bombers at speeds of 
М = 2,0 and greater and also to destroy air-to-surface cruise type 
missiles traveling at speeds of М = 2.5. Further, 1% can provide 
target kill from sea level to 100,000 feet in altitude. For the 
time period considered, it represents the maximum defense against 

а bomber raid Рог а given defense dollar. This is а result of the 
relatively small difference in penetration distance effected by а 
change in Mach number of 0.5 while the same 0.5 change in Mach 
number alternately requires а more expensive steel airframe and its 
development costs in relation to the wide technology available on 
the lower speed aluminum airfrane. 


В. Fire Control and Armament Factors 


The objectives of the study on fire control and armament 
systems were: 


1. Study the detailed characteristics of proposed systems 
to determine that system or combination of systems most suited to 


CONFIDENTIAL 


FORM тата ді 


до 


Хо 


ANALYSIS | CONVAIR FAGE li 
PREPARED BY A DIVISIGN OF GENERAL DYNAMICS CORPORATION REPORT NO. 2Р-8-520 
СНЕСКЕО ВУ ~ 1500:0186 0( MODEL Adv, Е-106 
REVISED BY А Ph УИ EAS TIR үу posa 
Зарр НЫНЧЕ кеннен енен — XX 7 Или A 1 DATE March 28, 1958 
m mitten NI PUT ХОС: = 


Convair requirements for an interceptor weapon system to be 
operational in the 1962 time period. 


2. Conduct independent studies to determine ways of 
improving the counter-countermeasure and low altitude attack 
capabilities of the selected system. 


3. Make recommendations and suggest further improve- 
ments where required. 


In order to provide & common basis for comparison of 
proposed fire control systems and associated armament, the fol- 
lowing criteria were assumed: 


1. Тһе interceptor will be required to attack air 
breathing threats having a velocity range from M = 0.8 to M = 3.0 
and altitude varying from sea level to 70,000 feet. 


2. Forward hemisphere attack capability will be required 
against these targets. 


3. А minimum radar detection range of 40 nautical miles 
would be required with a closing rate of M= 2.0 on a 10 square 
meter target. 


lh. Maximum immunity to all types of countermeasures 
including decoys, chaff, range gate stealers, confusion repeaters, 
inverse conical scan reapeaters, and automatic barrage and multi- 
spot noise jammers is desired. 


5. Maximum all weather performance at low altitude is 


desired. 


Of the proposed fire control system considered, there 
are two systems which are superior because of their counter-counter 
measure techniques, which when coupled withthe decision making 
capability of an ECM trained operator result in virtually no де- 
gradation in armament launch capability due to ECM directed against 
the interceptor radar. Pertinent characteristics of these two 


CONFIDENTIAL 


FORH 1062 ۰۵۰۱ 


ANALYSIS CONVAIR PASE 42 


PREPARED BY А DIVIGION оғ GENERAL DYNAMICS CORPORATION REPORT МО. ZP-8-520 
CHECKED BY (SAN-DIEGO) MODEL Adv, F-106 
REVISED BY DATE March 28, 1958 


CONFIDENTIAL 


systems, both proposed by the Bughes Aircraft Company, are given 
in Table IV. The two systems аге the Advanced МА-1 and the Pulse 
Doppler. 


The RCA Aries Fire Control System was also considered 
| but vas not considered in detail since it employed two-way conical 
scan angle sensing and а magnetron of insufficient tuning rate to 
operate successfully against an automatic spot jammer. It also 
lacks a digital computer, which Limits system flexibility in util- 
izing various armaments. 


As the two systems considered have many features in common 
(Table IV), the determination of the most effective system can be 
made by considering the following areas of performance. 


1. Performance under close control. The operational 
capability of the interceptor weapon system when operating in a 
non-jamming environment and at relatively high altitudes (above 
10,000 feet) where ground clutter returns do not affect system 
operation. 


2. Performance at low altitude. The operational capa- 
bility of the interceptor in а non-jeuming environment at altitudes 
where ground clutter returns can affect system operation, and where 
vectoring information may be poor due to insufficient low altitude 
coverage of the ground radars. 


3. Performance against ECM. The operational capability 
of the interceptor weapon system when operating in an ECM environ- 
ment, where vectoring information is certain to be poor and may 
only consist of an angular direction from @ ground radar site. 


The results of these studies lead to the recommendation 
of the Pulse Doppler Fire Control System and its associated arma- 
ment, the GAR-9; missile for the following reasons: 


1. The significantly greater detection range of the 


radar allows effective employment of the weapon system with a 
minimum amount of informstion from the ground environment. 
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г. Меку low altitude performance, if required of the 
interceptor weapon system, can only be obtained using pulse doppler 
velocity discrimination techniques for clutter rejection. 


3. The system retains a lerge portion of its capability 
іп an ECM environment due to the CCM characteristics of the pulse 
doppler radar and missile. 


Supporting studies conducted by Convair indicate the in- 
clusion of the following provisions into the pulse doppler system 
would result in improved counter-countermeasures capability. 


1, Inclusion of an alternate unambiguous range "chirp" 
mode (pulse compression technique) of operation with pulse-to-pulse 
frequency hopping would insure forcing of barrage jamming as veli 
as allow use of a Type A presentation (range versus signal amplitude). 


2. Steps should be taken to initiate training of radar 
operators specifically in anti-jamming techniques and tactics. A 
well trained operator may mean the difference between a bomber kill 
and abort or decoy kill in many jamming situations. 


3. Inclusion of infrared augmentation provide advantages 
in supplementing the radar in ECM, clutter or malfunction conditions. 
Further, the infrared cquipment can provide а passive attack capa- 
bility through maneuver ranging techniques. 
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IV. Tactical Version Resulting from These Studies 


The weapons system proposed by this Advanced Ғ-106 Study Соп- 
tract, AF 33(600)-30169, Supplementary Agreement 14, is the Convair 
| designated F-106-30. Та conjunction with these studies, the рго- 
posed weapon system is the evolution of 10 years of continuous im- 
provement and development of fire control, armament, engines, and 
airframe by the F-102/F-106 prime contractors. 


A. Airframe Description 


The configurations that have been developed are shown in 
Convair Drawings 80-58-06001, SD-58-06002, SD-58-06012 and SD-58-06013. 
These tuvo configurations vary only in the canard-inlet relationship. 
The factors associated with this relationship were discussed in 
Section II.B. The effect of the canard in front of the inlet does 
not become significant until a Mach number of 2.0 is attained, ex- 
мэн cept during maneuvering conditions when 8 greater pressure loss 
occure due to increased canard deflections. On the other hand, 
the version with the inlet duct moved forward and the canard mounted 
on the side of the inlet incurs a weight penalty of TOO lb, and adds 
to the skin friction drag of the airplane. 


Prior to a selection between the two configurations, addi- 
tional wind tunnel testing is required to verify the estimated effects 
on the actuel canard-inlet fuselage geometry on the canard forvard 
configuration and further investigations on the effects of added' 
drag and changes in pitching moment on the inlet forward version. 
These results will then be developed into a performance comparison, 
between the versions to provide a basis for the selection, 


The design features of the study that are incorporated 
into the F-106-30 include a canard, internal compression inlets, 
variable camber, and bi-convex wing. In addition, а ventral fin 
is used in conjunction with a vertical fin to yield more efficiently 
high supersonic directional stability. 


The Fire Control System is the pulse doppler system under 
development by Hughes Aircraft Company as discussed in Section III 
of this report. Two GAR-9 weapons are carried as the armament load- 
ing. Components of the Fire Control System are packaged as in the 


F-102/106 airplanes. CONFIDENTIAL 
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The airplane is configured around a pilot and radar opera- 
tor/navigator to most effectively utilize the counter -countermeasure 
capabilities of the fire control system. Space provisions are avail- 
able for adding flight controls in the rear cockpit for trainer 
versions. 


The creu escape system recommended for this application is 
‘the Industry Crew Escape System Committee "В" type seat. This system 
is currently under development with speed-sltitude specifications 
that are equal to or greater than the design flight envelope of the 
F-106-30 except for flight Mach numbers in excess of 2.11. It is 
believed that the system can be qualified to the М = 2.5.flight speed 
of the F-106-30. 


The type "B" supersonic ejection seat is recommended Рог 
the F-106-30 in place of the escape capsule for the following reasons: 


1. The "В" seat will provide safe escape vithin the 
complete flight envelope of the airplane. The maximum q for this 
airplane is the ваше аз Рог the Ғ-106А for which the "В" seat 16 
being designed and the effect of increased Mach number and altitude 
on the "В" seat performance is expected to be negligible. 


г. The only advantages to be obtained from а capsule 
type escape system in the aircraft would be in the elimination of 
the necessity for wearing partial pressure suits and in providing 
а survival vehicle and shelter after escape and before rescue. The 
veight penalties associated with both the "В" seat and the escape 
capsule are shown in Table II. The additional weight increment о? 
the capsule is 240 lbs. over the "В" seat. 


3. The "В" seat will be in production in late 1958 and 
therefore will not affect the delivery schedule of the F-106-30. 
A capsule, on the other hand, will require approximately three 
years of development to provide а capsule for a prototype airplane. 


h, е capsule study program did not solve all of the 
associated problems but did lead to corrective recommendations on 
the primary configurations tested. As such, additional development 
work should be undertaken before scheduling в capsule into an air- 
craft. : 
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5. Such capsule development and testing would increase 
the cost of the F-106-30. 


The Pratt and Whitney JT-11 (1-58) engine is proposed for 
the F-106-30 weapons System. This engine is the best available 
during the proposed time period of the Ғ-106-30. 


Conveir proposes to utilize this engine without the added 
thrust augmentation of pre-compressor cooling which has been shown 
possible in tests with the J-75. Reasons for this are as follows: 
The J-58 engine develops sufficient thrust to attain the design Mach 
number of the aircraft without augmentation; steady-state altitude 
performance 12,000 feet in excess of that required for missile launch 
to its limit performance altitude of 100,000 feet is obtained; zoom 
altitude performance provides an additional 15,000 feet prior to 
afterburner blow-out. 


The addition of pre-compressor cooling to this J-58 pro- 
pulsion system would require: : 


1. | Larger inlet capture area. This handicaps the sair- 
craft in two ways. The increased capture area reflects itself in 
wider fuselage lines which cannot be completely faired out prior to 
the maximum cross section of the aircraft. Hence, fuselage fineness 
ratio is decreased and wave drag is increased. Also, when water is 
not being used, larger quantities of air must be by-passed, resulting 
in less efficient performance under this condition. 


2. Water Control System. Details of the control system 
required have not been ascertained completely at this time. Some 
additional features would be necessary in the inlet and engine 
controls. Water pumps, lines, and spaybars of approximately 200 
lbs. &re required. 


3. Water and water tank weight and volume. Space and 
weight would be required depending upon the water volume desired. 
Since water requirements depend on mission requirements, the desired 
water tankage can vary considerably. А problem exists in providing 
а sufficient supply for а meaningful capability without penalizing 


other missions unduly. 2 
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4, Тһе concept of the F-106-30 is to produce the minimum 
vehicle required, in cost and size. Therefore, considering the 
above factors and the performance obtained by means of the basic 
engine alone, Р.С.С. has not been included in the Р-106-30. 


Relative to the JT4B-22 engine with P.C.C., the 4-58 en- 
gine provides a higher thrust at а lower total installed weight 
(tankage and controls) and with lower specific liquid consumption 
at high power settings. A comparison of the installed performance 
of these two engines is given in Section ІІ.С.2. 


The water required for P.C.C. with the JThB-22 шау be con- 
verted into fuel with the J-58 to provide better range performance. 
In the Ғ-106-30, а 15,000 lb. fuel capacity is provided through the 
use of fuselage, tail and wing integral fuel tanks. Ап aft fuel 
transfer system, similar to the system in the F-106A, is used to 
reduce the stability margin for supersonic flight. 


The weight of the F-106-30 has been estimated on the basis 
of a structurel design gross weight of 35% of internal fuel remain- 
ing, vith а Т.Од symmetrical maneuver load factor to Mc 1.73 and 
2.338 8t higher Mach numbers. Тһе structural veight provides for 
а 35 hour life at М = 2.5 (above 35,000 feet). Table III gives a 
weight summary for the F-106-30 for both the canard forward and 
inlet forward (canard on inlet) versions. 
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В. Performance 


The performance presented in this section is based on the 
installed thrust of the J-58 engine with the canard located in front 
of the inlet. The airplane configuration is such as to provide a 
minimum stability margin of 3% at the critical low speed condition. 
With the fuel transfer system, the average C.G. for subsonic flight 
is 19% 6 and for supersonic flight 18 23% с. 


The specd-altitude performance (Figure 42) compares closely 
with that of the Advanced F-106 (Figure 1). Acceleration times and 
time to climb have been significantly reduced (Figure 43) from those 
discussed in Section I.A (8.2 minutes to M = 2.3 at 60,000 feet) 
primarily throurh the higher thrust ratings of the J-58. Тһе constant 
time climb performance that 15 attained between Mach 1.5 and 2.5 is 
due to improved climb performance at higher speeds which compensates 
for the increased acceleration time to higher speeds. The super- 
sonic climb from low altitude is an optimized path with a climb 
schedule of: 


1, Take-off and climb to arrive аб M = .95 at 10,000 ft. 


г. Accelerate end climb concurrently to arrive at the 
final Mach number along the У limit line (Figure 42). 


3. Climb to 50,000 feet. 


This excellent climb performance is one of the benefits gained in 
the F-106-30 when designing to the minimum required aircraft phil- 


оворпу. 


Two typical missions ere shown іп Figure №}, Тһе dash 
mission is illustrated in two parts. 


1. А 500 nautical mile mission for use over the conti- 
nental U.S. where а landing field within 100 nautical miles of combat 
is selected. 


2. А normal return to home base mission with а radius of 
345 nautical miles for maximum dash operation in coastal areas. 
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In Figure 45a, the intermediate missions between the dash 
mission and the maximum radius mission are illustrated by a plot of 
time versus distance. Alternate mission capabilities of the loiter 
type are shown in Figure 45b as a function of the loiter time avail- 
able vergus lateral distance from the loiter point to the combat 
point. All missions shown provide landing with Sage reserves of 15 
minutes loiter at 45,000 feet and 10 minutes loiter at sea level. 


Take-off and landing distances are shown in Figure 46. 
Although the increase in gross weight of the F-106-30 at take-off 
is about 14,000 lbs. compared to the Е-106А, the take-off distance 
over & 50 2005 obstacle bas only increased about 500 feet due to 
the added trimming power of the canard control surface and increased 
take-off thrust of the J-58. 


The performance of the Е-106-30 could be increased by 
utilizing an unstable configuration. Primary gains (as discussed 
in Section II.B.4) would be realized in ceiling capabilities, man- 
euvering at high altitudes, and conditions related to the maximum 
trimming power available such as at landing and take-off. These 
gains, although desirable, have not been included into the F-106-30, 
since the development time required to produce the complex and ex- 
tremely reliable control system necessary in an unstable configura- 
tion would seriously delay the proposed schedule Рог the Ғ-106-30 
as well as add to the unit cost. 


Even without the altitude increments available with an 
unstable configuration, the Е-106-30 has a performance envelope 
that will fully utilize the altitude capability of the armament, 
the GAR-9 missile, that is carried. The missile can be utilized 
to its design limit of 100,000 feet upon leunching from а snap-up 
attack at 60,000 feet or more. 
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TABLE Ta 
Approximate Ferformance Effects of Variable Сашрег 
Increment of Performance (Bi-convex Wing) 
(Сір = 0.3) ~ (Сір = 0.1) 
(+ indicates advantage of CLp = 0.3 camber) 
35,000' Acceleration 411.8 
Ceiling + 1800 
| + 11% ۱ 
ھ2‎ 
Ceiling + 2000 | | 
ty - TOO | 
Data із not available, but the 
effects will be minus. 
صصح ینا‎ ха 
Approximate Performance Effects of Biconvex Section 
(with variable camber wing) 
Phage Increment of Performance 
(Biconvex Section - NACA Section) 
(+ indicates advantage of biconvex section) 
NE RN 32,000! Acceleration Kts/Min 
35,000' Acceleration Q 
Ceiling | - 600 
Cruise р Chang О 
35,000! Acceleration - 
Ceiling - 500 
35,000" Aceeleration + 4.7 
Ceiling 9 
35,000! Acceleration + 30.6 
2.5 35,000" Acceleration + 60.9 
| | Ceiling + 1000 
“м 
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TABLE I.I 
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Net Thrust and Air-Flow Performance Augmentation Resulting 
From PCC at Saturation Values of Water-Air Ratios for РЕМ 
YJ-15-P-3, P-610002 at Мах. AB, PIL = РО 


NET THRUST 


h Mo (Еп)ргу | (Fn)set. “Фа set | 
-- % 100% Еуарог- Fngat-100 


0 N С 7ت۶‎ ative га 
5000 1.80 12250 14700 15900 92.1 
1.995 14350 18200 19400 93.8 
(Max. Dry) 
| 2.20 жи. 22100 23100 93.2 
75000 1.80 2670 3200 3500 91.4 
1.98 2900 4250 4350 91.1 


Ха) Аб Sat. Ша sat | 
в 100% Етарог- Ма, sat-100 
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TABLE II 
ADVANCED F-106 


Weight Comparison-Escape System 
The following represents the estimated increment in weight 
due to escape system installation in the airplane. 


Max. Design q-1920 psf 
(752 ка ТАВ) 


Ejection Unit 


Recovery System 


Stabilizing Devices 


Survival Gear _ 


Emer. Breathing Equip. 


Pilot Equipment 


Disconnects 


Canopy Jettison System 


Miscellaneous 


Total 
Less Glass Weight 
Total Increment 
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TABLE III 


F-106-30 WEIGHT SUMMARY 


12,22h 
1,639 
9,810 


Structure and Controls 


Landing Gear 


Propuleion Group 


Equipment 
Instr. ,Hyd. ,Pneu. „Бев. š 
and Аџх. Gear 
Electronics (Pulse Doppler) 
Armament Provisions 
Air Conditioning & Anti-Ice 
Furnishings and Equipment 


Weight Empty 
Crew (г) 


1,606 


Oil and Unusable Fuel 


Usable Fuel 


Armament (2) САВ-9 
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FIRE CONTROL SYSTEM CHARACTERISTICS 


| Advanced МА-1 Pulse Doppler 


Radar Туре Pulsed МОРА Pulse Doppler 


Transmitter Frequency 9000 + 500 МС 9000 + 500 МС 
Average Power Output TOO Watts 5000 Watts 
Antenna Size 80 Inches 
Antenna Gein 37 db 


Azimith Scan Pattern 
Elev&tion Scan Pattern 
Scan Frame Time 


+ 70°, + 40° 
8° 


В sec., 5 вес. 8 вес., 5 вес. 


Receiver Dynamic Range 110 db 110 db 
Receiver Noise Figure 8 db 7 db 
Detection Range (4) 46 Nautical Miles 100 Nautical Miles 
Clutter Rejection 30 db То db 
Navigation Inertial Inertial 
Computer Type Digital Digital 
Range -Azimuth Velocity-Azimuth 


Search Display 


CCM Features Frequency Hopping (1) Frequency Hopping (2) 


Jittered PRF Programmed PRF (3) 
Silent Lobing Silent Lobing 
Edge Tracking Velocity Tracking 
Jam Angle Track Jam Angle Track 
Maneuver Ranging Maneuver Ranging 


Puke to pulse frequency hopping. 


Frequency hopping at intervals corresponding to 1/В where В 
is the doppler filter bandwidth. 


The PRF is programmed іп 2 fixed patterns for range determina- 
tion after lock-on. 


Detection Range on the nose of а B-47 type target with а М = 3.0 
closing rete. 
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Inboard Profile = Advanced Е-106 

Advanced Е-106А Canard 
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Study - Fully Variable Ejector F-106C (JT4B-22 Engine) 
Escape Capsule, Canopy Type, Single Place Interceptor 
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Study = Fixed Ejector - Bleed Doors F-106C - (CJThB-22 
Engine) 
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General Arrangement - IC Inlet for Lewis 10' x 10' 
Wind Tunnel 


Study - Interior Arrangement ~ F-106C Two-Man Inter- 
ceptor - J-58 


General Arrangement F-106C Two Man Interceptor J-58 
Study - Interior Arrangement F-106-30 Two Man Interceptor 
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Proposed Test Vehicles Resulting From This Study 


Under each of the sections of the study contract, the contractor 
was to determine modifications to the F-106A aircraft required to 
flight test the features. Chronologically, the following test pro- 
posals have been made: 


1. Сапага Test Вей for Unstable Aircraft Configuration: 


The Advanced F-106, ав ркоровед by Reference 1, was соп- 
trolled longitudinally by a canard and the aircraft was balanced 
with the center of gravity unstable; i.e.: c.g. aft of the аегоду- 
namic center. To stabilize the aircraft, an automatic control system 
as described by Reference 2 was proposed, called a "q-bob" system. 
The development of this canard control system was of such importance 
to the flight safety that a modified Ғ-106А test bed was proposed by 
Reference 3. This configuration was to be tested prior to actual 
flight of the ‘Advanced F-106' configuration. 


2. ko" Antenna F-106A (Now Designated F-106C): 


A related test bed program, but not specifically а part 
of the study reported herein, is the modification of two F-106A 
aircraft to house an enlerged antenns of 40" diameter rather than 
the current Е-106А antenna of 23". This program has since been 
contracted under ECP 4173 of the Е-106 program. References 4 and 
5 describe this program. 


3. Е-106-30 Proposal 


No F-106A test bed configuration has been proposed for 
the Ғ-106-30. Тһе new features of the F-106-30 configuration are 
not believed to be sufficient development items to require a test 
bed configuration prior to the time the design is committed to 
production. The canard, in this proposal, for example, is employed 
with a conventional stable aircraft configuration, allowing the 
control system to be similar to present systems. A normal program 
of prototype and slow production during a 24 month test program 
(Cook-Craige type plan) is proposed; Reference 6. 
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APFENDIX A - REFERENCES 


F-102/F-106 Improvement Program; ZP-57-08000 dated February 
1957. 


Summary of Canard Control System Studies; DC-8-422 dated 17 
January 1957, Revised 25 January 1957. 


Convair Letter 11-0-645 dated 22 March 1957, Subject: Canard 
Flight Test on Ғ-106А Airplane, Proposal for. 


ЕСР-САС-Ғ-106-1173. 


Incorporation of а 40" Radar Antenna in the F-106A/B Aircraft; 
ZP-8-513 dated 2 December 1957. 


The Е-106-30 Interceptor; 2Р-58-06000 dated March 1958. 
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APPENDIX B 


This appendix consists of a list of references that have been 
completed through and in association with this study contract. 


1. CVALL3 "Wind Tunnel Investigation of the Longitudinal Effects 
of Horizontal Surfaces Located Fore and Aft of а 60° Delta 
Wing Model” 


A-8-108 "Langley № x h Ft. Supersonic Wind Tunnel, Langley 
Test 88" 


A-8-130 "Preliminary Evaluation of Canard Surfaces for Ad- 
vanced Versions of the Е-102 Interceptor" 


ZA-8-010 "Estimated Performance, Stability and Control Charac- 
teristics - Advanced F-102" 


ZA-8-013 "Preliminary Aerodynamic Analysis of the F-102B 
with Modifications" 


A-B-140 "Ames 135 Performance Results" 

A-B-147 "Results of а Transonic Test on ап .04956 Scale F-102B 
Model in the Southern California Coop. Wind Tunnel (М = .45 
through 1.20)" 

А-8-152 "Auxiliary Longitudinal Control Test Program" 


А-8-153 "Discussion of Flight Tests of a Canard Arrangement 
of the F-102A Airplane” 


A-8-169 "Results on в Test on ап .0991 Scale Model of the 
F-106A Airplane in the CVAL 8 x 12 Foot Low Speed Wind Tunnel, 
Ineluding Ground Plane Effects and Configuration Changes" 


А-8-17 "Some Stability and Control Characteristics of the 


Advanced F-106 Airplane Vith Various Longitudinal Control 
Devices" 


^ CONFIDENTIAL 


FORM O12 -A-l 


522 


ANALYSIS | CONVAIR PASE 128 
PREPARED BY А DIVISION OF GENERAL DYNAMICB CORPORATION REPORT мо. 2Р-8-520 
СНЕСКЕО ВҮ канна) MODEL Adv. F-106 
REVISED BY DATE March 28, 1958 


CONF UDIEIN A LAL 


A-8-178 "Date Report on Transonic and Supersonic Wind Tunnel 
Tests of .0l956 Scale Model of the Advanced F-106 at 8. С. C. 
М. T. Wind Tunnel" 


А-8-179 "Results of Supersonic Tests of а .025 Scale Advanced 
F-106 Model &t J.P.L. 20" Wind Tunnel" 


1h. A-8-162 "NOL HO cm. x 40 сш. Supersonic Wind Tunnel WIR 331" 


A-8-184 "Results of Additional Transonic Wind Tunnel Tests of 
The F-106A from CWT Tests 528 and 535" 


ZA-B-502 "Supplementary Aerodynamic Data for Advanced F-106A 


Airplane" 


Zero Doc. 8-019 "Estimated Stability Derivatives of the Е-106А 
Airplane with a Canard" 


18. А-8-186 "Advanced F-106 Airplane Transonic Test СИТ 579 of 27 
December 1956" 


Aero Doc. 8-003 "Preliminary Drag Buildup of Advanced Е-106 
with Aft Horizontal Tail" 


А-8-196 "Advanced F-106 Airplane Low Speed Test CVAL 230 28 
January - 1 February 1957" 


A-8-197 "Estimated Performance Characteristics of Е-106А. 
Canard Flying Test Bed" 


A-8-203 "Study of the Aerodynamic Effects of Canard Geometry 
and Body Fineness Ratio - Advanced F-106 Airplane” 


23. A-8-207 "Preliminary Wing Area Study for the Advanced F-106 
Airplane" 


2۰ А-8-210 "Stability Derivatives of the Advanced F-106 Airplane" 


25. CVAL 1816 "Additional Low Speed Wind Tunnel Tests of a .0991 
Seale Model of the Ғ-106 А Airplane to Determine the Спагас = 
teristics of a Horizontal Tail and a Canard" 
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A-8-212 "Advanced F-106 Alternate Engine Studies" 


А-8-215 “Results of 1/20 Scale Advanced Е-106 Test, СИТ 608, 
15 - 17 May 1957" 


А-8-217 "Comparison of Ceiling Performance of Canard and 
Tailless and Canard Arrangements of the Advanced Е-106 Airplane" 


А-8-223 "The Effect of Stability Margin Variation on the Tail- 
less and Cenard Arrangements of the Advanced Ғ-106 Airplane" 


А-8-225 "Configuration Comparisons for the Advanced Е-106 
Based on 1/20 Scale Model Tests in the Southern California 
Coop. Wind Tunnel" 


СУАТ, 204 "Low Speed Wind Tunnel Tests of a .04956 Scale Model 
of the F-106A Airplane with a Horizontal Canara" 


А-8-231 "Results of Low Speed Tests on an 0.4 Scale Canard 
Nose Model of the Advanced F-106 at CVAL Wind Tunnel" 


Aero Doc. 8-027 "Comparison of 158 and Twin GE X279E Engine 
Installations in an Advanced F-106 Airplane" 


A-8-241 "Performance Comparisons of Three Advanced F-106 
Airplanes Having Different Engine апд Inlet Arrangements" 


DC-8-h22 "Summary of Canard Control System Studies" 


DC-8C-103 "Summary of Nonlinear Studies on Q-Bob Control 
System" 


00-80-105 "Derivation of Linearized Equations of Motion for 
деВођ Stabilized Airframe" 


00-80-106 "Additional Nonlinear Studies on Q-Bob Control 
System" 


DC-8C-107 "Moving Cockpit Investigations of 'Bring Home' 
Conditions" 
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E 

по A А ASEAN A ДЕМ. 
E "Electric Stick Control System for the Advanced 
F-106" 


DC-8C-115 "Derivation of Advanced F-106 Longitudinal Stability 
Derivatives Used іп Q-Bob Studies" 


DC-BC-11h "Final Nonlinear Studies on Q-Bob Control System" 


DC-8C-109 "Maneuvering Flight Study of the Canard Airplane - 
Advanced F-106" 


DC-8C-110 "Evaluation of the Advanced Е-106 Canard Airplane 
With Q-Bob During Landing Roll" 


DC-8B-159 "Analysis of the Structural Flexibility Effects on 
the Longitudinal Control System of Two Advanced F-106 Config- 
urations" 

CONTR-8-20-725 "Advanced F-106 Feel System Study" 

рС-8-117 "Results of the Convair Electric Stick Program" 
SG-99 "Reliability of Electric Control Systems" 


DF-8B-141 "Supersonic Tests of 1/8 Scale Flutter Models of 
45° Delta and 52° Swept Canard Surfaces" 


DF-8B-148 “Low Speed Tests on a Semi Span 1/4 Scale 52” 
Swept Canard Flutter"Model" 


ZV-B-503 “Wind Tunnel Investigation of the Effects of a 45° 
Delta Canard on the Aerodynamic Characteristics of a 60° 
Delta Wing" 


CVAL-241 "“Low-Speed Wind Tunnel Tests of а 1/5 Scale Model 
of a Pilot Escape Capsule" 


SCCWT-622 "Transonic Wind Tunnel Tests of the Sting-Mounted 
0.20 Scale Convair San Diego Pilot Escape Capsule” 
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Aero Memo A-Misc-35 "Wind Tunnel Test Results of a 1/5 
Scale Model Pilot Escape Capsule with Twin Boom Stabilizing 
Surfaces" 2 


Aero Memo A-Misc-29 "Тчо-Мад Estimated Capsule Estimated 
Aerodynamic Coefficients" 


ZA-276 "Summary of Aerodynamics Studies of a Pilot Escape 
Capsule" 


ZP-57-08000 "F-102, F-106 Improvement Program" 


ZP-8-507 "Advanced F-106 Study, First Quarterly Progress 
Report" 


ТР-8-509 "Advanced F-106 Study, Second Quarterly Progress 
Report" 


ZP-B-516 "Advanced F-106 Study, Thirà Quarterly Progress 
Report" 


ZP-58-06000 "F-106-30 All-Weather Interceptor" 

T-106Adv-l "Comparison of the Estimated Performance of the 
Advanced F-106 Airplane Propulsion System with Two Types of 
Diffuser Inlets" 


Т-106Аах-2 "Preliminary Performance Estimate for the Advanced 
F-106A Airplane" 


T-106Adv-4 "Determination of Size and Coefficients for Mass 
Flow Measuring Nozzles to be Used in the 1/12 scale Twin 
Duct Model Having Internal Compression Inlets" 


T-106Adv-5 "Design of Inlet Control System Simulation on the 
1/3 Seale Wind Tunnel Model of the Advanced F-106A" 


T-LOGAdv-6 "Pre-Test Summary Data for the Advanced F-106 
Static Ejector Test Program" 
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DENTIAL 


6T. T-l06Adv-7 "Proposed Test Program for the Single Inlet In- 
ternal Compression Wind Tunnel Model of NAMIC, Point Magu, 
California. 


68. Т-106А4у-8 "Tentative Test Schedule for OAL Pre-compressor 
Cooling Tests" 


69. T-106Adv-9 "Thermodynamics Laboratory Pre-compressor Cooling 
Tests" 


TO. T-106Adv-10 "Proposed Test Program for the 1/12 Scale Advanced 
F-106A Inlet Model in the 4' x ht Wind Tunnel at Langley Field 
Virginia" 


71. F-106Adv-11 "Performance Calculation for Turbojet Engine 
Utilizing Pre-compressor Evaporative Cooling" 


72. T-106Adv-12 "Рге-сошргеввог Cooling Tests to be Conducted 
at Arnold Engineering Development Center” 


13. T-106Adv-1h "Investigation of the Effects of Canard Location 
on the Performance of An Internal Compression Inlet" 


т 7-106А4у-15 "Performance of а Circular Internal Compression 
Side Inlet" 


75. T-106Adv-16 "General Information Relating to Tests of the 
1/12 Seale Advanced F-106 Inlet Model" 


76. T-lOÓAdv-17 "Wind Tunnel Investigation of Internal Compres- 
sion Inlets at Mach Numbers 1.6 - 3.5" 


71. Т-106А4у-18 "Pre-Test Summary Data for the Advanced F-106 
Ejector Afterbody Test Program at Lewis 8! х 6! Wind Tunnel" 


78. T-106-Adv-19 "A Theoretical Calculation on the Effects of 
Water Injection Cooling" 


79. T-106Adv-20 “Proposed Test of Advanced F-106 Full-Scale Inlet 
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“NTRODUCTION: 


| The ригроза of this report із to invite the attention of 
USAF personnel to the employment of the F-102A interceptor as а 
receiver airplane with inflight refueling. 


A study was made to determine the feasibility of modify- 
¿mg the Е-102А to incorporate inflight refueling using the probe 
and drogue system. The study covered various possible locations 
Гог installation of retractable probe structures and the connec- 
tion of the probe with the normal pressure refueling adapter sup- 
plying the fuel system of the F-102A airplane. 


In addition, the possibility of installing the Buddy Sys- 
беш refueling package was studied, using the #-102А аз a tanker 
alroraft, 


SUMMARY; 


This study shows that a retractable refueling probe can 
Бе installed on thə F=102A airplane with a minimum of structural 


changes. 


The location immediately forward of the windshield, (Po- 
sition 5 on Drawing SD-56-08071), affords the pilot an unobstructed 
view of the refueling operation. This location causes по inter- 
ference with the electronic compartments. No aerodynamic feasi- 
vility tests have been made. 


The weight increase for the Е-102А аз a receiver aircraft 
is approximately 65 lbs., including hydraulic actuator, doors, 
fuel lines, couplings, fittings, clamps, etc. 


If the Buddy System is employed, the Ё-1023А as a tanker 
aircraft will have a weight increase of approximately 500 lbs. 


RECOMMENDATIONS: 


1. It is recommended that operational analysis studies 
be made to aetermine the performance improvements of the weapon 
system that can be obtained by the employment of inflight refuel- 
ing . 


2. А simulated probe should be installed in a fixed po- 
sition on an F-102À to determine the aerodynamic interference əf- 
fects during the refueling operations. 
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DISCUSSION: 


The trailing tube or hose of the tanker airplane car- 
ries a standard type MA-2 reception coupling and cone conforming 
to U.S.A.F. Drawing No. 55C9062 and Spec. MIL-C-25162, which the 
F-102A receiver airplane engages with a type МА-2 nozzle (probe), 
U.S.A.F. Drawing No. 5509061 and Spec. MIL-N-25161. 


Upon engagement, refueling starts automatically. 


Fuel into the fuel system of the F-102A receiver-air- 
plane is transferred at the rate of 200-250 g.p.m. by pumps or 
by jet engine bleed air pressure via the refueling package of 
the tanker airplane. 


DRAWING = SD-56-08070 - Inflight Refueling F-102A = 5 View 
(various locations - not recommended) 


POS. 1 = Shows a conventional non-retractable type 
MA-2 nozzle-probe located forward of the 
windshield of the Е-1ОРА, 


Although & minimum of changes in structural 
design in the aircraft are involved and the 
pilot also has an excellent view of the probe 
and drogue connection during inflight-refuel- 
ing, & retractable probe is preferred for bet- 
ter flight-characteristiocs, 


POS. 2 = Shows a retractable telescoping type МА-2 
nozzle-probe located in the nose section of 
the Е-102д, 


Due to interference with the compact elec- 
tronic system in this nose section, several 
Structural problems are to be overcome to 
make this design possible. 


POS. 3 = Shows a retractable telescoping type MA-2 
nozzle-probe located in the top of the fuse- 
lage, behind the canopy of the Е-1ОРА airplane. 
The pilot has to look upward in а 609 angle to 
view the drogue and probe connection. 
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Due to the 0.9 Mach speed of the tanker and 
receiver airplanes during inflight refueling; 
a high bow wave effect is anticipated, The de- 
sign of this retractable telescoping type noz- 
zle-probe structure as well аз the modifica- 
tion on the airplane-structure are complicated 
by this high-bow wave effect. 


Shows a conventional non-retractable standard 
type MA-2 nozzle-probe located in the leading 
edge of the wing of the F-102A airplane. 


To decrease wave effects at this point during 
high speed inflight refueling the length of ths 
probe has to be increased to approximately 8 
feet. 


The pilot has to look backwards to pinpoint 
the drogue and probe connection. 


DRAWING - 


POS. 


205. 
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6 - 


50-56-08071 = Inflight Refueling F-1024:- Inboard 


Profile (Recommended Locations) 


Shows a retractable type MA-2 nozzle-probe in 
the upper panel assembly of the nose section 
of the F-102A. The pilot has an unobstructed 
view in all conditions. 


With the exception of a small well in the top 
shelf of the forward electronic compartment 
and a fuel-drain line connection in the same, 
there is no interference with the electronic 
packages layout. 


Shows a retractable hinging type МА-2 nozzle- 
probe at the same location. Instead of the 
small well in the top shelf of the forward 
electronic compartment, a fairing on top of 
the nese section is shown. 


Both configurations are possible for Pos. 5 
and Pos. 6. 
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DRAWING = SD-56-08072 = Inflight Refueling Е-102А - Retractable 
| Probe 


This drawing shows the more detailed retractable probe as 
described in Роз. 5. 


This design shows the most feasible location for the re- 


| tractable probe, while a minimum of structural changes in the а1г- 
craft are involved. 


| JRAUING - 50р-56-08075 - Inflight Refueling F-102A = "Buddy System" 


| This drawing shows the possibility of using the Е-102А in- 
| terceptor as a tanker aircraft. The center armament bay provides 

| ample space for the retractable tube system of the inflight refuel- 
| ing package. 


| Recognition lights are provided to give the receiver pi” 
| lot indication of proper probe alignment and a warning if the ex- 
tremities of tho safe alignment range are approached, 


In emergency cases the entire retractable tube system can 
be jettisoned. 


| 
| Another F-102A interceptor is shown аз the receiver air- 
| plane and is able to refuel from any other tanker aircraft, pro- 
| vided the probe and drogue system is used. 


Note: 


| Although it is technically possible to install refueling 
probes in the nose section of the external fuel tanks, this is not 

| recommended for the following гвазопз: 

| 


Considerable redesign of the fuel system of the Ё-102А 
Woüld be required since the present tanks are not included in the 
| pressure refueling system and are employed for ferry missions only. 


The external tanks as well as the wing connections would 
| have to be redesigned to withstand the "engagement" and "break 
| away" forces during inflight refueling. 


| The receiver pilot has to depend on his depth-perception 
to engage the probs апа drogue connection. 


Jettisoning of the external fuel tanks including the re- 
fueling probe automatically limits the inflight refueling сара- 
bility of the aircraft. 
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aspect ratio 


theoretical wing span 


méan aerodynamic chord 

drag coefficient = D/qg. 

lift coefficient = 1/45 

normal force coefficient = Ст at small angles of attack 
center of gravity 

body diatieter 

drag 


accélleration due to gravity 


altitude 


specific impulse 

lift 

Mach number 

free stream dynamic pressüre 
rate of Climb 

wing reference агеа 

thrust 

time 

veight 

angle of attack 


mass ratio = Winitial/ "final 
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ات 


This report presents the aerodynamic performance characteristics and 
methods of analysis used in the study of an expendable, liquid rocket powered 
target vehicle to meet the requirements of PR EN-11-2517-59 Request for 
Proposal. 

The basic configuration of the. proposed vehicle is shown in Figure I 
and Table I. ‘The basic performance of this vehicle is: 


Endurance аб М = 2.0 at 70,000 fts, 5 min. hO sec. 


at М = 1.5 at 70,000 fte; 8 min. 9 вес. 


This vehicle meets or exceeds the performance requirements. 
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INTRODUCTION 


The performance objectives for the target were defined in terms of 
maximum speed, endurance at high altitude, and a region for satisfactory 
launch and flying ability. Тһе maximum speed required is from М = 2 to М 
2.2. The endurance required is 5 minutes at M = 2 at 70,000 feet altitude 
and 8 minutes at М = 1.5 а% 70,000 feet altitude when launched from 35,000 
feat at M = ,8. The launching region is defined by M = . to „95 at ап 
alt jitude of 5,000 feet to М = .8 to 2.0 at 35,000 feet with the ability to 


fly straight and level within this region, 


An expendable target must use a simple powerplant in order to achieve 
reliability with low cost. To this end, а possible choice of a ramjet or 
rocket motor, both using liquid propellants, was considered. ‘However, the 
necessity of providing the ramjet target with a separate boost system to 


allow operation at Mach numbers less than about „8 and the possibility of 


an. extended development program. to achieve operation at M = 1.5 at the 


TO, 000 ft. endurance altitude made this choice undesirable. Thus, the 


Liquid rocket moter appeared most feasible. 


to design the vehicle which fulfills the requirements. The results of the 
performance analysis and а discussion of methods used in determining рег- 
formance are presented in this report. 
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1, Target Geometry, Weight and Engine Data 


The target dimensions, weights and power plant data are shown in Tables I 
апд il. These data represent the values used in determining the aerodynamic 
characteristics and performance except as indicated in the text. Wing 
characteristics до not include the tip cutoff. Figure I presents в, three-view 
sketch of the target. 
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Wing: 

Area 

| Span. 

Mean ‘aerodynamic chord 
Aspect ratio 

| Taper ratio 
Tip chord 

Root chord 

Incidence angle 
 Dihedral angie. 


| Leading edge sweepback 


‘Trailing edge sweep forward. 


' ЕјЈеџап area 


Distance from 504 
Leading edge diameter 
Trailing edge diameter 


iThickness ratio (МАС) 


Vertical Tail: 
-Ares 
Span 
' Mean aerodynamic chord 


Aspect ratio 
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2 to elevon hingeline 
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19.65 248 


5411 ft 


8.13 ft 


1.75 ft 


* 25 in 


2.5 £4? 

TE 

1.667 ft 
49 
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Taper ratio 

| Tip chord 

Root chord 

| leading edge. sweepback 
Trailing edge, sweepback. 


Distance from 50% C to 50% fin € 


27-1-03 


T 


1.373 ft 
1.918 ft 
18.59 


Rudder area ү. | -8 r? 


| Leading едде diameter 
‘Trailing edge diameter 


_Thickness ratio. 


Body: (without nose boom) 
, Length 
Diameter 
Nose length 
Base area (not including motors) 


Boattail length 


Motor housings: 
| 


Base area 
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.0625 in 
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Table II 


Gross weight 
Fuel weight 
Residual fuel 


Empty weight 


Мах! booster motor thrust 
Max sustainer motor thrust 
І 
Throttled sustainer motor thrust 


Specific impulse @ 50,000 ft altitude 
(811 motors) 


Specific impulse @ 70,000 feet altitude 


(ali motors) 


1 
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TI лов 
128 lbs 
10. 156 


286 lbs 


920 lbs. 
180 Ibs 


90 lbs 


223 sec. 


CONFIDENTIAL 


CONVAIR:. A DIVISION. OF GENERAL DYNAMICS CORPORATION: ЗАМ DIEGO, 


NAVY/AIR FORCE EXPEN DABLE POWERED TARGET Dn 1ت‎ 777 Engineering Proposal 


2% Evaluation of Aerodynamic Characteristics 


Tbe 112% and drag characteristics pf the vehicle were espimated Dy ге-. тос 
| — = 
solving normal апа axial paras ints “components perpendicular ‘and “Daraliel te to: 
the flight path.  Emperical or theoretical methods were used, supplemented 
by experimental date when available. ARDC Model Atmosphere, 1956, was used 
throughout. All coefficients аге. ‘based on theoretical wing planform area, 


2.1: Buildup of the Litt Curve Slope 


А Within the normally small angle of attack. range used for level. та 
(heı maximum eruise angle of attack is approximately 6 degrees at a Mach 
~ number of Ме 1.5 at 79,000 feet altitude) the lift curve was assumed to Бе 
Linear and équal to the normal force curve estimated for small angles of at- 
tack. The normal. force was determined Бу obtaining the lift of the body 
and wing separately and the idterference lift of the combination and adding 


these terms linearly. 


Body Lift 
m i 1 
“Ап ogive-cylinder body having в nose fineness ratio of 3 and an over- 
all ‘fineness ratio of 12.5 was used to represent the target body. The actual 
configuration is slightly longer than the one used for determining &erody- 
namicecharacteristi¢s but the additional contribution of the longer body 15 
negligible. . Reference 1 presents a sécond-order shock-expansion theory for 
obtaining normal force curve slopes at supersonic speeds near zero angle of 
attack. Experimental correlation is also presented | in this reference for a. 
similar. configuration (е. ‚бә. for an overall fineness ratio of 13) at Mach 
numbers above 36 to illustrate the applicability of this theory. Refer- temet 
ence,2 presents experimental data fór this body configuration at M: = 1.98. 


At subsonic spéeds, the slender body value of 


с. 
Ny 


=2 per radian 


| 1 7 | | 
was used. А smooth transition from the subsonic to supersonic valves was 
assumed through the transonic region. 


Wing Lift 

| 

Wing alone lift was obtained from experimental data whenever possible. 
Reference 3 presents wihg data in the supersonic region which required very 
little interpolation, to correct from thé experimentally tested aspect ratio's 
to the aspect ratio of 1.19 used on the target. References № and 5 were used 
to establish subsonic and transonic lift curve slopes for the wing. Linear 
theory results presented in the latter reference were used tö aid in estab- | 
lishing the variation of lift with Mach number. 
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Interference Lift 
—— 

| The method presented in Reference © Was used to estimate the carryover: 
effects of the body and wing. Thesé carryover terms are defined from slender 
vody theóry апа presented іп the form 


| а BW Cow ъа у 
Ст, ак @ 
а WB WB Та " 


вере the interference lift is proportional. to the lift on the exposed wing 
panels joined together. These proportionality factors are given аз а function 
of diameter Бо span ratioss. The ‘théoretic&1 span was used in establishing 
this ratio. 


el uration Lift 


' Total lift on the configuration is defined by the suti of the component 
Lifts and the interference effects as 


hse + (ко +k. о): 
E б 7 + (Ks * لوط‎ Со 


It should be noted that tle wang: lift, in the above éxpression is based on. 
exposed wing агёа while the aerodynamic characteristics presented are based. 
сп theoretical wing area. 


+ 


A, check. was made of thé results by applying this technique to, a. con- | 
figuration presented in Reference Т which was tested at M= 2.01. This test 
configuration vas: 81lmost identical to the target configuration, having the 
same'nosé shape and wing aspect ratio as the targets. The major différence 
Was Та the ratio of wing to body size. ‘There was excellerit. agreement. between 


the estimated (+08 and the experiment | gift curve slope tip to an angle of 


Final results are presented Та Figure 2 as ep | versus M, untrimued 
for а Меза airframe. 


2.2. | Drag at Zero Lift 


The. drag at, zero lift of each component was determined, using the 
methods described below, and summed to obtain the total. minimam drag со- 
efficient, Op,» presented in Figure 3 es а function, of Mach number and а1- 
titude. Table III shows the zero lift ürag breakdown by component at Mach 
numbers of 1.5 and 2.0 and at an altitude 67 70,000 ft. 

| 
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Figure 2 - Lift Curve Slave versus Mach Number 
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| Figure 3 - Drag Coefficient at Zero Lift versus Mach Number 
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Altitude, h = 70,000 ft. 


Pressure Drag 


Nose 

Wing | | 

Wing leading edge 
Tail 

Teil leading edge. 
Wing & teil base 
Body base 

Booster base 

Body boettail 
Burner fairings 


Totel pressure 


| Burner fairings 


Totel friction 


1 


‘Total Ср 


М - 1.5 


«001110 
«00021 8 


„000733. 


«001060 
. 001878 
.004100 
“001120 
.000782 


.015985 


-006140 
«003500 
000845 


000815; 


„010900 
«026885 
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«008150 
-000733 
000271 
«000850: 
«001537 
«093590 
«000973 
. 090611 


ы, С... 


«005500 
«003008 
«000351 
.009598 


022949 
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Wave Drag 


' Wave drag on the nose was obtained for а profile représerntin£g á com- 
promise between minimum дгав and acceptable radome performance, This pro- 
file is a tangent ogive with fineness ratio of 3.5. The wave drag was ob- 
tained from experimental data on the. Tartar missile nose with a fineness 
ratio of 2,5, and Corrected to a fineness ratio of 3.5 by use of data from 


Reférerice 8. 


, Wave drag on the wing was determined from two- S second order 
22 for double чейде airfoils. ‘Thus, Cp =h(*/ )° where ë = and 


t= maximum thickness of C, minus leading ейде = деи Wihé and tail ~ 
leading edge drag was obtained from data presented in Reference 9 for cir- 
cular eylindere at. angie of attack. Тһе wing leading edge is swept ‘pack 
12. 9, Зедгеёв and the cross section normal to the leading edge was assitied 
circular with a diameter of ік inch. The vertical tail leading edge. is 
swept back 35 degrees with a cross section diameter of 1/16 inch. 
| ' 

Wave drag on the rocket motor fairings was determined using wave drag 

coefficients found in Reference 10 for а cone of half angle 5 degrees, 


Base! Dra 


„Ваве drag for the body, wing trailing | edge, and tail trailing edge 
was _ petermined from آے ہد ید‎ data 2-2 bod Reference 11, assuming, 


inal end tail саар edges, 


Friction Drag 


‘Skin friction drag was determined for each component of the vehicle 
for Mach numbers to 2.0 and altitudes to: 10,000 ft. using van Driest's 
equation for turbulent flow on a flat: plate assuming Prandtl's mixing 
length ана T NUT — 1.0 &s found in Reference 12. 

! 

Ue ھ٤‎ Speeds and Trensonic Drag Rise 


prag at. subsonic and transonic speeds are estimated from test data. 


on configurations of similar body size, shape, and, surface: агеаѕ, ineluding 


unpublished wind tunnel test data on the Convair Tartàr.iissile. 
2.3 Induced. Brag 


‘Induced drag was calculated assuming а 10 percent longitudinal static 
stability margin and the corresponding trim drag penalty found from, flight 
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test data on the F-106A interceptor. Thus, the trim drag used amounted to a 
36 percent increase іп induced drag. Тһе induced drag was defined as the 
білеті of the normal force in the drag direction at supersonic speeds and 


бт, “лт ( АВ) at subsonic speeds 


2,4. Lirt/Drag Ratio 


lift to drag ratio wes computed as L/p = Cr/Gp = » trimmed 


Figure 4 shows the variation in lift to drag ratio vs. altitude for two 
weights representing nominal start of cruise weight and burnout weight at 
the end of cruise. 


The actual static stability margin will be less. than 10 percent for 
nost flight and weight conditions. ‘Thus, the lift to drag ratios presented 


are conservative. 


2.5 Drag Due to Externally Mounted Target 


The drag added. to а basic airplane configuration. When an external store 
(in this case, the target) is mounted оп it is strongly dependent upon the 
interference drag induced · in the combined configuration. Two items ате im- 
mediately observed. from а а cursory look at date involving this drag. First, 
the: interference drag’ is of s highly unpredictable nature. Second, the 
magnitude of the interference drag сап be varied appreciably by moderate 
changes in location of the. external store on the wing. Reference 13 illus- 
trates these two points quite well. A compilation of experimental data on 
external stores and nacelle drag through the transonic and supersonic Mach 
Yange up to М + 2.0 indicate that interference drag can be favorable at 
transonic speeds while the minimum interference appears to be zero аб super- 
sonic speeds. Throughout the Mach range, however, the maximum interference 
вв shown in Reference l3 appears to be three to four times the drag of the 
isolated store. This variation is caused by size ав well as location changes 
for the stores used for these experimental resulta. Düe to location changes 
only! а two to one variation in interference drag із more reasdnable. 


‘This brief discussion on drag due to external stores serves to: illustrate: 
the possible error of basing. performance of an airplane-store configuration. 
upon;an estimated drag increment due to the store. 


In view of the nature of such в drag estimate, only gross results are 
presented of the drag increment in pounds: versus. Mach number caused by 
camping two targets externally mounted on the wings of an airplane. 
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Figure № - Lift to Drag Ratio versus Altitude 
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Data used to establish these results were based on unpublished, preliminary 
flight test results of the effect of carrying external stores on the F-106 
interceptor and on NACA data in Reference 13, Тһе flight. test data in- 
dicated that the drag increment due to the external stores was approximately 
four times the drag of the isolated store throughout the supersonic Mach 
range up to M= 2. This result agrees with the maximum value due to ex- 
ternally mounted store drag shown in Reference 13. Therefore, the maximum 
ratio of mounted store drag to, isolated store drag presented in this 
Reference was used to compute’ the drag of externally wounted targets. The 
results are presented in Figure 5 for sea level and 35,000 feet altitudes. 
No @istinction vas made 88 to the type of parent airplane used in that the 
results represent the maximum drag to be expected. Experimental studies 

of optimum mounting positions on specific aircraft may reduce the maxi- 
mun values for that aircraft. 


3. Performance 
3.1 Power Required versus Power Available 


Power required to maintain constant Mach number and altitude at a 
given vehicle weight is assumed equal to the total aerodynamic drag. 

‚ Power available is assumed as a nominal 1,100 pounds total thrust with 
bobgter and sustainer operating, ànd 90 lbs. or 180 lbs. for operation of 
the sustainer only. The sustainer burns continously at the lover thrust 
level with intermittent operation at the higher thrust level as required to 
mair tain the desired cruise Mach number. For conditions such as Mach number 
= 1240 at 35,000 feet, where drag excéeds maximum sustainer thrust, the 
pooster operates intermittently to maintain the desired average speed. 


' Figure 6 shows the drag variations with Mach number for altitudes of 
35,000 ft. and 70,000 ft. 


3.2 Rate of Climb 


Rate of climb. for the vehicle is quite high since the maximum thrust- 
to-weight ratio during boost is always greater than one. Maximum rate of 
climb is limited tè the velocity corresponding to design Mach number, which 
is 2. 0. Thus vertical „climb at Mach number = 2.0 is possible at. altitudes 
above approximately' 15,900 feet at full gross weight. Figure 7 shows unaá- 
eelerated rate of climb versus altitude for a full gross weight vehicle at 
Mach numbers of 0.8, 1.5 and 2.0. 


3.3. Speed-Altitude Limits ; 


‘Maximum speed and minimum speed (defined by a maximum angle of attack of 
209 )versus altitude is shown in Figure 8 for the 768 at full gross weight. 
Sufficient. thrust is available to exceed Mach number 2.0 in level flight at 
altitudes above approximately 20,000 ft. Also shown on this figure is the 
minimum speed-altitude relationship &t which а eg maneuver could be made 
considering the & = 20° limit. 
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3.4) Maximum Endurance 


Endurance was calculated. for several cruise conditions. For the specified 
condition of launch at: Mach number = 0, 80 at 35,000 ft., climb 6 70,000 ft. 
and cruise at. Mach number = | 1.5 or 2.0 the endurance is: 


Climb to 70,000 ft. and Mach number = 1.5: 0 min. 58 вес. 


Cruise at. 10, 000 ft. а% Mach number с 1.5: В min. 9 sec. 


m 


Climb to 70,000 ft. and Mach number 2.0: 1 min. 16 sec. 


Cruise at. 70,000 ft. and Mach number 2.0: 5 min. MO sec. 
‘Endurance at maximum power (Те 1,100 lbs. @ Хар = 245 sec.) = 1 minute 
33.5 вес, 


launch and climb were calculated by а step solution of the equations of 
motion, assuming launti in level flight and pullup to climb attitude when 
well iclear of the parent, airplane. Solutions were found by band and by ТЕМ 
TOÀ. чаще», 


Cruise endurance was calculated ав: 


t = (0/0), уа Is Ја И (seconde) 


3.5 Launching Speed 
‘The vehicle may be launched.at any speed and altitude within the launch 
envelope specified in Reference 14. 


At the launch condition Yepresenting highest. drag (Mach number 135: at 
15 ,000 ft.) the thrust to drag ratio of the'vehicle is 1. 165, when beyond 
the influence of the mother airplane. Acceleration and climb capability is 
thus: assured, 
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INTRODUCTION 


This study has been prepared to determine the necessary геаггапсе ~ 
ment of the TF-102A side-by-side trainer in order to obtain a minimum 


cross -sectional area. 


Pulling in of the external lines has been accomplished by the elimi- 
ation of the center console and by positioning of the seats close together. 
The center console had been used to exactly simulate the tactical F-102 
right hand console. Console panels which had been bcated in this area, 


are now located on the instrument panel. 


In order to improve the lines in the canopy area, а flat center 


panel has been added to the windshield. 
ғ 


A long noge, similar to Ше Е-102А, has been added to further im- 


prove the drag. 
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SUMMARY 


The reduction in cross-sectional area, improved windshield ала 
canopy lines and extended nose, should contribute to a reduction 
in drag which should result in an improvement in ceiling and 


range. 


The gross weight change, compared to the existing TF-102A, is 
negligible; however, the average center of gravity moves forward 
approximately one-half percent, due to the addition of the long nose 
and suosequent forward shift of the nose radar equipment. 


PERFORMANCE SUMMARY 


Existing TF-102A With Re- 
ТЕ-102А vised Nose Section 


High Speed 
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Diccuseion: 


The following outline shows the major changes from the existing 
ТЕ-102А airplane required to accomplish this change: 


General:(Ref. Dwg. No. SD-56-08002) 
1. Revise entire contour forward of Sta. 310.25 while main- 
taining the forward missile bay and wing intersection. (See 
lines drawing 80-56-08004). 
2. Revise engine air inlet duct from Пр to Sta. 217 only. 


8. Revise boundary layer plows and bleed duct to ге тега - 
tion unit. 


4. Incorporate long nose (use F-102A radome). 


5. Change "У" type windshield to а 12" wide, flat center panel, 
flat diagonal panels and curved corner panels. 


8. Не vise canopy contour to provide minimum "НАП" clear - 
ance at pilots’ heads. 


Ч. Remove center console. 

8. Move seats inboard 2.98" and down 2". 

The following breakdown shows detail changes required; 
A. Fuselage (Ref. Dwg. No. BD-58-06003) 


1. Redesign entire structure forward of Sta. 310.25 ex- 
cept missile bay doors, beams and missile launchers. 


Design new windshield and canopy. 


ез ~ 


Use F-102A radome. 


Provide nose access doors simjlar to F-102A. 
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Design new АТМ door and frame. 


Design new nose gear door. 


Cockpit (Ref. Dwg. No. SD-56-08005) 


1; 


2. 


8. 
9. 


1: 


Remove center console. 


Relocate console panels to instrument panel and 
outboard consoles. 


Design new instrument panel. 

Move seats inboard 2. 88" and down 2". 
Move outboard consoles inboard 2.88". 
Design new glare shields два glare curtains. 
Design new blind flying enclosures. s 

Cut off top of seat rails. 


Revise installation of optical sight. 


Controls System (Ref. Dwg. SD-56-08003) 


Reduce spread between rudder pedals by 2" and move 
inboard 2.68" 


Relocate control stick pivot points and move inboard 
2.88". 


Move throttles inboard 2.88". 


Revise entire contfol system routing forward of Sta. 
310. 25. 


Landing Gear 


1, 


Use existing TF-102A nose gear and mechanism. 
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E. Miscellaneous 


Since most of the contour is changed forward of Sta. 310. 25, 
it will be necessary to revise all systems consistent with the re- 
vised structure; although most items are located in the same gen- 
eral area as in the existing TF-102A airplane. 


Зое following pages for weight and balance information and per - 
formance summary. 
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E ТА - ТЕ-102А SIDE-BY-SIDE TRAINER 
REVISED NOSE SECTION 


3, 044 
Wing 315 
Tail 3, 902 
Fuselage | 1.047 
Landing Gear | 466 
Surface Controls 38 
МасеПе Group 6.317 
Propulsion Group и 
Engine 4,980 
612 
Air Induction 
Exhaust System 129 
Cooling System 18 
Lubricating System 28 
Fuel System 427 
Engine Controls 36 
Starting System 87 
Instruments and Navigation 164 
Hydraulic and Pneumatic 291 
Electrical 563 
Electronics 2,316 
Armament 592 
Furnishings and Equipment 380 
Air Conditioning and Anti-Icing 242 
АихШагу Сеаг 61 
Unaccountable Weight - 45 
Weight Empty 19, 693 
Pilots (2) 
Fuel (JP -4) 6 RA 
Unusable 154 ° 
Wing 
ой 6, 825 7 
Тгарред 21 
Engine 25 
Armament 1, 366 
Missiles (6) 762 j 
Rockets (36 -2. 00") 385 
Launchers 299 
Equipment 58 
Useful Load 
Gross Weight 01 
28, 580 


Моге: Weights аге based оп Act 
ual Weight 
the TF-102A Airplane. (28, 484 Ibs. 374 Balance Report Zw -8-021 for 
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INTRODUCTION 


This study represents & comparison of two additional armament 
installations on the Е-102А. Тһе armament selections are: two 
МВ-1 rockets externally mounted with five internal Falcon missiles 
retained; and four Falcon missiles and one МВ-1 rocket carried 
internally.  (Hereafter in this report these configurations vill be 
referred to ав 2+5 and l+} respectively.) Тһе basic armament con- 
sists of six Falcon missiles and (24) 2.75" rockets. No 2.75" 
rockets or provisions for rockets are considered in either of the 
proposed configurations. 


Factors considered in the study are changes іп aircraft per- 
formance weight and ballast requirements, fire control system re- 
visions, structural modification and operational aspects. 


Convair has installed an МВ-1 ejection system in the center 
bay of an F-102A airplane. Development tests have been conducted 
on the system. 
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SUMMARY 


Alternate armament configurations are considered for the Е-102А 
consisting of 2 MBel rockets mounted externally with five internal 
Falcon missiles retained ( no 2.75 rockets) and 1 МВ-1 rocket with 
4 Falcon missiles carried internally (no rockets). 


Results are as follows: 


Incorporation of the external storage configuration in relation 
to the internal configuration will necessitate a longer flight test 
program. Ballistic data must be obtained from a development flight 
test program and flight miss distance must be determined from the 

evaluation program. Since a quantity of ballistic information is 

available on the (1+4) configuration, it may be possible to include 
this data into the (148) computer within the schedule shown herein. 


Weapon system effectiveness data, also included herein, gives 
а comparison of the effectiveness due to the decrease in Vmax with 
external stowage. For the reduction in interceptor Vmax from about 

M 1.2 to M 1.0, with the external stowage the probability of detection 
and conversion for rear hemisphere attacks against a M 0.9 threat 
would be essentially the same. However, there is а loss of effect- 
lveness in the are& intercept radius due to the reduced closing 

rate requiring a longer combat time. No tail attack effectiveness 

is realized when the M 1.0 interceptor is used against the M 1.0 
threat. The snap-up capability of the M 1.0 system is degraded. 

For a M 0.9 target at 60,000 feet, beam and nose attacks would be 
marginal and tail attacks would probably be unsyccessful. 


With external configuration it is necessary to carry 550 lbs. 
of ballast to maintain the C.G. within available limits to permit any 
armament selection. It is also necessary to limit the load factor 
to six in confining structural rework to local modifications only. 
Spar and rib rework is necessary to maintain the present design load 


factor of ТЕ. 


There is no loss in performance or decrease in load factor 
over the basic airplane with the 1+4 system. System effectiveness 
is increased over the 2+5 because of greater radius capability 
against a higher speed threat, and greater snap-up capability. 

Both systems (1+4 and 2+5) effectiveness are increased over the 
basic airplane under a wide variety of attack conditions due to the 
mixed load. Flight test time for the 1+4 system ів limited to the 
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evaluation program only ав the development program is already 
partially completed. А limited number of test rounds must be 
fired to complete the required results for the development pro- 


gram. " 


Take-off weights for the two configurations and basic air- 


plane &re as follows: 
валс Мо 


1194 1323 
0 0 
21,983 27,920 


Performance of the two configurations and basic airplane is 
ав follows: 


Armament 
Ballast 
Take-off Weight 


Mas Speed 
Area Intercept Radius 
(Equal. Combat Time) 


An inherent advantage of the (1+4) configuration is the 
extended range mission capability. 


Based on these results, the (148) configuration is гесош- 
mended. 
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1 Performance 


Since no external changes are made and only а small difference 
in weight (237) occurs between the (1 + №) and the basic airplane, 
performance values are not effected. A comparison of performance 
with the (2 + 5) is as follows: 


Max Speed 


Combat. Ceiling 

Time to Climb to 40,000' 
Area Intercept Radius 
Take-off Distance 


The amount of aileron and rudder control deflections required 
for trim when one externally stored missile is expended is, at 
150 knots, + 1.6° aileron, + 1° rudder and at M= 0.9, + 0.5° 
aileron and + 0.3" rudder. These values are acceptable. 
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II Aircraft and БЗувбел Modification 
А. 2+5 Configuration (Fig. 1, Dwg. Ко. 8-05018) 


1- 


а. Structural Requirements 


The external configuration of the МВ-1 "в must be limited 
to а load factor of approximately six іп the absence of detailed analysis 
to essure that the modifications are confined to local areas. 


Thais reduction in maximum load factor is due to an increase 
in wing load outboard of a store location. The increaseiinertia relief 
18, of course, in-effective in this area. A detailed load and stress 
analysis would be required со accurately determine the maximum load 
factors. However, areas effected would be spars and ribs outboard of 
the attachments and the врага and fittings at the wing root. Rework 
in these areas vould be costly due to difficulty in obtaining access. 


b. General 


1. Replace center forward Falcon with electronics 
compartments. 

2. Remove provisions for (2h) 2.75" rockets. 

3. Add shorter center bay doors. 

h. Fair over forward center bay and provide access into 


this comartnuent. 
5. Add (2) МВ-1 euxiliarys and launching provisions. 
б. Revise pneumatic, electronic and electrical systeus 


to accoumodate the above changes. 
c. Armament Group 


1. Remove center-forvard Falcon missile displacing 


(ear. 
2. Remove rocket provisions. (Outboard doors may be 


retained зу removing rocket tubes and blast pans.) 
3. Ada pylons and launching mechanism to wing ex- 


ternal tenk ‘Location. 
h, Add shorter center bay doors to accommodate one 


aft Faleon. 
5. Modify missile bay beams to accommodate reloca- 


tion of center door actuators. 


а. Wing Grous 


1, Redesign fuel tank pylon attachment fittings. 
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(“ttbings can be removed and installed throug: а wing lower surface 
acess door ettached with sercys.) 


2. Revise structure adjacent to fittings to provide 
for higher loads. (minor modifications can be realized through the 
access door.) 


е. Fuselare Groun 


1. Add structure at forward-center missile bay. Add 
partition between missile bay beams between forward and aft bay. Рго- 
vide access door into this compartment and provide for marker beacon 
antenna in this area. 


Т. Mechanism Group 


1, Revise center bay door actuator installation to 
provide Тог shorter center bay doors. 


б. Pneumatic Groun 


1. Remove forward-center missile displacement gear 
actuator and revise pneumatic system accordingly. 


2. Revise pneumatic system to provide for revision 
of door actuators on shorter center bay door. 


h, Electronics Group 


1. Rerove provisions for forward center missile and (21) 


2.15" rockets. 
2. Modify electronics and add provisions for (2) МВ-1. 


3. Add rocket uubilical plugs for (2) MB-1. 
4. Modify racks as required and add racks in new com- 


partment. 
5. Relocate marier beacon antenna from center bay door 


to Тохтога bay. 


i. "lectriecal Group 


1. Delete rocket wiring ond provisions. 
2. Delete harnesses and provisions for forward center 


тіірбііс. 
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4, Revise cockpit armament control panel. 
5. Provide for МВ-1 heating blanket. 


3. Heating and ventilating Group 


1. Supply cooling air to electronic compartment in for- 
ward center bay area. 


В. l+} Configuration (Fig.2, Dwg. No. 8-08036; Ref. 2Р-8-010 


a. General 


1. Replace (2) center Falcons with (1) МВ-1 rocket. 

2. Remove provisions for (24) 2.75" rockets. 

3. Add shorter center bay doors. 

4. Fair over forward end of center bay and provide 
£ecess into this compartment. 

5. Revise structure to provide for ejection loads. 

6. Revise pneumatic, electronic and electrical systems 
to accommodate the above changes. 


b. Armament Group 


1. Remove (2) Falcon missile displacing gear from 
center missile bay. 

2. Remove provisions for rockets, (Existing outboard 
Coors may be retained by removing rocket tubes and blast pans). 

3. Add ejection mechanisms and provisions for (1) 

18-1 rocket in the center missile bay. 

lh. Ada shorter center bay doors to accommodate the 
MB-1 rocket. 

5. Modify the missile bay beams to accommodate relocation 
ef center door actuators and removal of trunnion supports for the center 
missiles. 

6. Design and add ejection beam. 


c. Fuselage Group 


1. Revise structure to provide for ejection loads of the 
MB-1 rocket. Тһе following frames are effected: Stations 273, 310.25, 349. 
75 and 405, 

2. Add structure at forward end of center missile bay 
between stations 217 and 273. Add partition between missile bay beams 
ot station 273. Provide access door into this compartment and provide 
for marker beacon antenna in this area. 
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d. Mechenism Group 


1. 


Revise center bay 4008 actuator installation to 


provide for shorter center bay doors. 


e. Pneumatic Group 


1, 


Renove two center missile displacement gear ac- 


tuators and revise pneumatic system accordingly. 


г. 


Revise pneumatic system to provide for revision 


of door actuators on shorter center bay deor. 


3. 


Relocate (4) air flasks to center bay compartment. 


ПОТУ: Assume all six doors will operate simultaneously. 


f. Electronics Group 


1. 


Remove provisions for two center missiles and 


(24) 2.75" rockets, 


г. 
3. 
\. 


Add provisions for (1) МВ-1 rocket. 
Add rocket umbilical plug for the МВ-1. 


Modify electronics for removal of (2) Falcons 


and addition of (1) МВ-1. 


5. 


Relocate marker beacon antenna from center bay door 


to forvard end of bay. 


в. Electrical Group 


Lie 


г, 
Falcon missiles. 


3. 
h. 


Delete rocket wiring and provisions. 


Delete harnesses and provisions for two center 


Provide harnesses and provisions for one МВ-1 rocket. 


Revise armament control panel in cockpit. 
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تید 


1117 a 
А: 


{ > 
1 


h. Controlg Groug 


1. Revise с1етоп control cable and relocate turn- 
buckles in center missile bay. 


i. Heating and Ventilating Group 


| 1. Supply cooling air to electronic compartment іп 
forward center bay ۰ 
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Weight changes for cach configuration are shown in Table I. The 
l+} configuration results in an airplane that is 237 lighter than 
the current production airplane. Іп order to maintain the c.g. with- 
in the limits, for take-off and utilizing опу armement configuration 
(2 МВ-1 only, 5 Falcons only ог 2+5), the 2+5 airplane requires 550% 
of ballast. Overall weight increase of the 245 over the 1-5 config- 
uration is 1646 of which 942 is armament. 


TIT Weight end Balsnce 


C.G. envelopes are shown for each configuration (Figs. 3&4). The 
(2+5) configuration with full armament and fuel expended exceeds the 
Porvard С.б. limit at landing. Additional caution should be exerted | 
with this configuration until further analysis reroves any restric- 
tion e&t landing. 


UNCLAC™ TED 
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IV Operational Азресъв 


A. (2+5) vs (148) 


1. On the basis of a single pass attack, considering the 
МВ-1 only in each case, the following facts are of interest: Ina 
co-altitude attack mode the kill capabilities of either configura- 
tion are about the same against a Bison (B-52 Type) target traveling 
at Ма 0.9. А bomber traveling at M = 0.9 at 40,000 feet elevation 
can be successfully attacked from any point of the compass by either 
airplane. However, if the bomber speed should be increased to 1.0, 
the 1.2 interceptor would have "around the clock" capebilities, but a 
L.O interceptor would have reduced capability in a tail attack. See 
Figure 5. 


When 2 MB-l's are fired, the escape maneuver must be modi- 
fied to limit the pilot radiation dosage. Considering an attack 
against а М 0.9 threat at 35,000 ft, and 2g escape maneuver and using 
half the dosage for the (245) configuration, the kill probability 
for (1) #8-1 fired from either configuration із the same. The de- 
creased speed of the (245) configuration permits в smeller radius 
turn therby providing escepe at а greater distance from the burst 
althougn launching occurs аб approximately the вале separation. 


2. The decreased nexisum velocity resulting from external 
mounting vill decrease the closing rate for tail attacks and increase 
tne combat time and fucl used et afterburner pover. Providing fot this 
increased combat fuel allowance will decrease the overall mission radius 
approximately l2 miles for each edditional minute of combat. Гог 
the aren, intercept mission, combat time is (5) minutes. Hach minute 
of teil chase of this combat time for the (14+4) configuration requires 
(3) minutes for the (245) configuration to produce the same closure. 

An interceptor must be vectored to within eigat miles of the target 
at the start of the combat tail attack to make one pass only and 
оо n ces area intercept radius of the (245) configuration 
210 N. Mi. 


“хуй 


3. in в snap-up attack, the interceptor's effectiveness is 
impaired by external weapon stowage due to the reduced initial velocity 
of tae interceptor. Tail attacks will be particularly degraded since 
closing velocity is at o minimum for these conditions. 
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B. Mixed Load AGvontorec 


l. Counter measure denying range information degrade the 
effectiveness of the МВ-1 rocket. Guided missiles such as the 
Gar 142 need only be fired within their aerodynamic range. 


2. Under conditions where an attack using the optical sight 
is necessary, the effectiveness of МВ-1 can be degraded due to ranging 
errors. Under such conditions the employment of a passive ІН homing 
twissile (Gar 2) could provide enhanced combat effectiveness. 


3. One of the most complex employment problems arises in 
connection with multiple interceptors attacking multiple targets with 
nuclear warhead missiles. The capability of using small high explo- 
i Bive missile in this situation msy be of significant advantage. 
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V Schedule 


A. (145) Configuration 


l. Ejection Lounching. Ejection launching of MD-l'g during 
the development flignt 50008 have been sufficient to verify analytical 


predictions. Ло problem areas are expected to be encountered. 


2. Ejection Mechanism. Qualification testing has been 
procecting. Production equinuent will require packaging and some 
naditionan qualification tests. 1 


3. Flight Test. Development 211605 tests are nearing 
eonpletion. Zveluation flight tests are required.. 


В. (2+5) Confiruretion 


1. Launching Mechansin. Ташо ас walls, which must te 
procured, соп be mounted on modified external fuel tank pylons. 


2. Plight test. Development and evaluation flirnt tests 
arc required Жоғ the external stowage configuration. Some schedule 
overlap іс podsible. 


C. Program Schedule 


Schedules for both configurations are shown by Figure 6. 


ЭГ! АСС DATE 


19 June 1957 
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APPENDIX A 
à 
EN 
The installation study (Convair Report 2Р-8-052) of adding MB-1 capability 

to the Е-102А has been extended to provide а minimum aircraft modification 
program. This retains the 2.75" rocket capability. Іп each case, the 2 + 5 
configuration (2 external MB-1's, 5 internal Falcons) or the 1 + 4 configuration 
(one МВ-1 and 4 Falcons stowed internally), the existing center missile bay 
doors are retained, Тһе additional electronics space required is provided 
above the center missile bay doors in the area from Stations 217 to 273, 


+ Соп ation 


Retention of the rocket capabilities (24 - 2.75" rockets) and retaining 
the capability of taking off with МВ-1 armament only requires ballast of 395#. 
Теке off weight with full armament 15 30,004. 


Performance changes due to the addition of the 2.75" rocket capability 
are: Combat Ceiling from 50,000' to 49,700' and time to climb to 40,000° from 
4-9 to 5.0 min, 


(1 + 4) Configuration , 
7 


Retention of the rocket capabilities (18 - 2.75" rockets) gives а take- 
off gross weight of 28,3644. The resultant CG curve will lie within 
acceptable limits. 


Performance changes are: Combat ceiling from 51,700! to 51,400! and time 
to climb to 40,000! from 4.3 to 4.4 min. 


The missile bay doors must be reworked to provide clearances іп the aft 
end for the МВ-1 rocket. 


# In this modification 6 rockets are deleted due to interference with the 
МВ-1 installation. 
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PREPARED ву А NIVIDION ОР ООНЕЯА, DYNAMICS CORPORATION REPORT NO. ТР-8-058 

СНЕСКЕО ВУ 5АМ МЕСО MODEL Е-102 

БЕУІБЕО ВҮ рАТЕ 3-10-58 
SUMMARY 


l. А gross range of 2490 Nautical miles can be obtained with the F-102A by 
the addition of 565 gallons of fuel in the missile bays in additon to 
430 gallons in the external tanks. This range is sufficient for а 214 
distance margin for the 2050 Nautical mile, San Francisco to Hawali 
ferry mission. This range assumes Military рочег operation through take 
off and climb to cruise altitude. The use of afterburner in take off 
reduces range by approximately ЦО Nautical miles. 


2. 565 gallons of fuel in the missile bay is considered the maximum volume 
avallable consistant with concept of minimum airplane modification and 
fuel tank complexity. 


3. The permanent weight increase of approximately 100 pounds in the area of 
the missile bay to the basic F-102A has & negligable effect on C.G. balance. 


4. Failure of the missile bay tank transfer system will not cause airplane 
to become unmanageable during flight or landing. 


5. То install the 565 gallon missile bay tanks, the following armament gear 
must be removed from each bay: 


&. Missile launcher displacement gear. 

b. Displacement gear up latch mechanisms. 

c. Displacement gear dampers. 

4. Displacement gear actuating cylinders. 

e. Missile launcher electrical disconnect panels. 


6. Required manhours to remove armament gear and install missile bay tanks and 
fuel system ig estimated at approximately 26 manhours with an elapsed time 
of 8 hours. (This assumes provisions for installing missile bay tanks and 
fuel system has been previously provided) . 


T. Permanent revisions to the Basic Р-102А airplane to provide Рог the 
missile bay tank installation consist in general of the following: 


а. Local reinforcement of the missile bay beams to provide for the 
tank supports 

b. Holes in missile bay beams, fuselage skin and bulkhead, and forward 
wing tank rib for routing of fuel lines. 

с. Support provisions for the missile bay fuel system lines. 

d. Fuel vent lines from the forward wing tank into missile bay. 

е. Fuel transfer line from refueling line into missile bay. 

f. Missile bay boost pump switch and tank Low level light installation 
in cockpit. 

б. Electrical wiring, relays, fuse panel. 


h. It is estimated 400 manhours and 10 days lay up will be required to 
accomplish the above tasks. 
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INTRODUCTION 


A study has been made to determine the feasibility of adding fuel tanks 
in the missile bays of the F-102A airplane to increase range for ferry purposes. 
Tais study includes range comparisons for the following configurations: 


1. Basic F-102A 

2. Basic Е-1024 with external tanks retained. 

3. Basic Е-102А with external tanks dropped. 

h. F-102A with missile bay fuel. 

5. Е-102А with missile bay fuel and external tanks retained. 

6. Е-102А with missile bay fuel and external tanks dropped. 

1. F-102A with missile bay fuel and enlarged external tanks retained. 
8. F-102A with missile bay fuel and enlarged external tanks dropped. 


The study considers various ferry missions, which might be accomplished 
by the above configurations. 


| 
| 
The effect of adding additional fuel in the missile bays is investigated | 
for the following items: | 


l. Airplane operational and structual limitations. | 
2. Airplane modification. | 
3. Additional equipment required. 

4, Performance. 

5. Safety. 

6. Weight and balance. 


This study is based on the assumption that airplanes, to receive missile 
bay tanks, will be modified on a retrofit program to install the provisions 
for the missile bay tanks and the fuel system, but tanks and plumbing in the 
missile bay will be installed at squadron level. 
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DISCUSSION 


The ferry missions considered in this study &re based on information 
contained in & report by the Weapon Systems Integration Group on ferry routes 
to the NATO and SEATO countries, U | 


NATO: North Atlantic Treaty Organization 


There are two routes to the NATO countries: The northern via 
Greenland and the southern via the Azores. 


Northern: 
Boston to Goose Bay, Labrador 691 Nautical Miles 
Goose Bay to BW8 (Greenland) 101 Nautical Miles 
BW8 to Iceland 750 Nautical Miles 
Iceland to Ireland 796 Nautical Miles 
Southern 
U.S. to Bermuda 763 Nautical Miles 
Bermuda to Azores 1800 Nautical Miles 
Azores to Port Lyautey, Morocco 1050 Nautical Miles 


SEATO: South Eastern Asia Treaty Organization 


Listed below is a route possibility: 


San Francisco to Hawail 2050 Nautical Miles 
Hawaii to Johnson Island 850 Nautical Miles 
Johnson Island to Kwajalein 1300 Nautical Miles 
Kwajalein to Guam 1600 Nautical Miles 
Guam to Okinawa 1300 Nautical Miles 
Okinawa to Tokyo 850 Nautical Miles 


An examination of these routes shows that the longest ferry mission is 
the one from San Francisco to Hawaii, а distance of 2050 Nautical miles. 
For a long ferry over water and against the prevailing winds, а minimum 
reserve of 20% of the ferry distance is considered a minimum requirement. 
From Table II of range comparisons configuration Number 6 shows a gross range 
of 2490 Nautical miles and gives a 21% distance reserve provided a Military 
power acceleration is used in take off and climb to’dnitial сг ве altitude. After- 
burner take off reduces the distance reserve to approximately 19%. 


Ponsa reas 


ANALYSIS C O N VA I! R PAGE 5 


PREPARED BY à DiviZ rDN OF GENERAL DYNAMICS CORPORATION REPORT NO. ZP-8-058 
CHECKED BY SAN DIEGO MODEL Р-102 
REVISED BY DATE 3-10-58 


DISCUSSION (Cont'd) 


The ferry mission from San Francisco to Hawaii requires that the 230 gal- 
lon external tanks be dropped, as soon as they are emptied. 


Range comparison Number 7 was made to determine the amount of fuel nec- 
essary to carry the external tanks for the entire trip. It was found that the 
external tanks would have to be modified by the addition of 110 gallons. (See 
Tank Installation Drawing SD-58-08010). The practicability of adding larger 
external tanks has not been studied in this report and would require further 
investigation.* Configuration Number 8 shows potential range using larger 
external tanks and dropping them when empty. 


The remaining SEATO ferries, including the long hop, of 1600 Nautical 
miles from Kwajalein to Guam can be accomplished with configuration Number |, 
which includes missile bay fuel, but no external tanks. Configuration Number 
4 gives a 29% distance margin on the Kwajalein to Guam ferry. 


The northern NATO ferry missions can be accomplished by the basic Е-102А 
with external tanks. Missile bay fuel is not required. 


The southern NATO ferry route mission from Bermuda to the Azores of 
1800 Nautical miles requires missile bay fuel, in addition to external tanks. 
By retaining the external tanks on the short ferry from the U.S. to Bermuda, 
they vill be available for the long ferry hop. Configuration Number 6 gives 
а distance margin of approximatley 35% on the Bermuda to Azores ferry. 


Table II summarizes the above discussion. 


+ Investigation would probably require ejection and flutter tests. 
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DIST. AIRPLANE GROSS DIST. GROSS | DIST. 


MISSION CONFIG. RANGE RESERVE | RANGE RESERVE 
MIL.ACCEL. A/B ACCEL 
MIL CLIMB .CLIMB 

JN. MI. . نگ لے‎ ф N. گال‎ $ 
Northern НАТО 
Boston to Соове Bay 691 #2 1600 132 1560 126 
Gcose Bay to BW8 791 #2 1600 128 1560 122 
BW8 to Iceland 750 #2 1600 114 1560 108 
Iceland to Ireland 796 #2 1600 100 1560 96 
Southern МАТО 
U. 8. to Bermuda 763 #5 2220 190 2180 186 
Bermuda to Azores 1800 #6 29038 2450 36 
Azores to Morocco 1050 #h 2070 97 2030 95 
SEATO | 
Зап Franciso to Hawaii 2050 #6 2490 21 2450 19 
Hawaii to Johnson Is. |. 850 ўч 2010. 144 2030 139 
Johnson Is. to Kwajalein “ 1300 fi . 2070 | 29 2030 . 56 
Kwajalein to Guam 1600 $5 2070 29 2030 21 
Guam to Okinawa 1300 #% 2010 59 2030 56 
Okinava to Токур . 850 $^  . 2010 144 2030 139 
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RANGE COMPARISON 


Table II summarizes the gross ranges obtainable with the Ғ-102А airplane 
for the following fuel load configurations. 


#1 Basic Р-102А with internal wing fuel. 

Basic F-102A with internal wing fuel plus 2 - 230 gallon external tanks 
retained during entire flight. 

#3 Basic Р-102А with internal wing fuel plus 2 - 230 gallon external tanks 
dropped after emptied (External tank fuel used first). 

#4 F-102A with internal wing fuel and 565 gallons of fuel in missile bay. 

#5 #-102А with internal wing fuel and 565 gallons of fuel in missile bay 

| plus 2 - 230 gallon external tanks retained during entire flight. 

#6 Р-102 with internal wing fuel and 565 gallons of fuel in missile bay 
plus 2 - 230 gallon external tanks dropped after emptied (External 
tank fuel used first). 

#7 Е-102А with internal wing fuel and 565 gallons of fuel in missile bay 
plus 2 - 340 gallon external tanks retained during entire flight. 

#8 Р-102А with internal wing fuel and 565 gallons of fuel in missile bay 
plus 2 - 340 gallon external tanks dropped after emptied (External 
tank fuel used first). 


The range calculation were based on the following assumptions: 


1. Fel02A with case X wing. 

2. Pratt and Whitney J5T-P23 engine. 

3. Fuel flow increased by 5%. 

4. Standard day. 

5. Ко wind allowance. 

6. Gross range (no reserve). 

7. Military power acceleration from start of take off run to climb speed 
and during climb to initial cruise altitude. 


After burner acceleration to climb speed uses approximately 285 pounds 
more fuel, which reduces the range by approximately hO Nautical miles. 


— c w na cil 


8. Optimum cruise-climb condition 


Ferm (812 Ай 


'"ST;99s.. әте S O[[E- сту “oo me 5708. oez зо зтовфво e 9^8 ово зе ТЕ теке romeus 9-1, 09 


“тш еті Of Ка 
SoIn9TI әЗпед әлсав sy} JO цозе sonper рүпоһ рәәйв аштто оз потавләтәәов лог хөпхөдлө тэ jo esq `€ 
“OPNITITS әвүпло TSTITUT оф аштто pue *'pds аштто وہ‎ потувлетеоов 99091, roy pasn лавой “ТІП сс 
• вала валадшеј Aep piuvpusjs pue рита ou uo pasEq 9385р злоду “т 22504 
“Кайши пеци рәйдол рте sI рэтзашя хєл течлефхя + 
JQATTA зарушя Jurg рәптеҙән өңге теплефхн y 


696 | 0٥٤ | А 8 | 


696 OSTSE ж |, 


Repozt Хо. ZP-8-058 


Ра е 8 


HAO DNI | DRE SIISSIN ! ي‎ че __ мша | 
“Tes OLOfT = тәп) ہہ‎ Teurequy | 
“ват 516 = әооваотте 110-э58Д, О = TINE әлләзән 


II ى5‎ 


2 CONVAIR PAGE 9 


PREPARED BY A рм Вон OF ORAK HAL DYN OME са сааяеопатаоы REPORT NO. ZP-8-058 
CHECKED BY SAN DIEGO MODEL P'-102 
REVISED BY DATE 3-10-58 


Revised 3-14-58 


FUEL SYSTEM 


l. Existing airplane structure modification to be & minimum. 
2. Revision to existing fuel system be а minimum. 

3. Permanent changes to airplane be & minimum. 

4. Ease of installation and maintenance 

5. Reliability 

6. Safety 

T. Airplane weight and balance 

8. Single point refueling 

9. Pilot management of fuel sequencing of the missile bay tanks. 


The missile bay tanks are of welded aluminum sheet metal construction 
consisting of skin and internal stiffining baffles. The baffles also contribute 
to fuel slosh control. Тһе tanks are supported from the missile bay beam by 
means of form fitting cradles and straps. This mounting provides for easy tank 
installation, maintenance, and prevénts introduction of fuselage structural 
loads into the tanks. Fore and aft loads will be taken out by drag links from 
the cradles to the missile bay bean. | 


tanks аге interconnected to function as one forward missile bay tank. The 

three (3) aft tanks are interconnected to function as one aft missile bay tank. 

То maintain proper airplane center of gravity control during flight the fuel 

sequencing ів ав follows: | 


, | 
Six (6) tanks are installed in the missile bays. Тһе three (3) forward | 
| 


1. External tanks 

2. Forward missile bay tank 

3. Aft outboard wing tanks 

h. Forward wing tanks to total wing quantity of 3300 pounds 
5. Aft missile bay tanks 

6. Forward wing tanks 

7. Aft inboard wing tanks 

For C.G. curve see Figure I. 


Fuel is transfered from the missile bay tanks to the wing tanks by means 
of a fuel transfer line that tee's into the existing wing refueling system. 
One (1) boost pump installed in each of the forward and aft missile bay tanks* 
pump the fuel into the wing tanks. The existing refueling shutoff valve in 
the aft inboard wing tank and float pilot valve in the aft outboard wing tank 
| will prevent missile bay fuel from over filling the wing tanks. 


A low fuel level switch in the missile bay tanks will indicate to the pilot 
by means of a light in the cockpit when they are empty. Тһе transfer boost pumps 


# Tvo (2) boost pumps total per airplane. 


TORM 012.40 


ANALYSIS CONVAIR PAGE 10 


PREPARED BY А бітіраоы. об GENERAL ДУМАМИСВ CORPORATION REPORT мо. ?р-8-058 
СНЕСКЕО ВУ SAN DIEGO MODEL F-102 


REVISED BY DATE 3-10-58 


FUEL SYSTEM (Cont'd) 


are controlled manually by the pilot by means of a switch in the cockpit. 
The pilot manages the missile bay transfer system as follows: 


When the external tanks are depleted, the pilot turns on the forward missle 
bay transfer pump. The aft missile bay transfer pump remains off. The fuel flows 
into the wing tanks through the refueling lines and is controlled by the float 
pilot valve in the aft outboard wing tank. The fuel from the missile bay tank 
replaces fuel used from the aft inboard wing tank as it is burned by the engine. 
When the forward missile bay tanks is empty, as indicated by the low level light, 
the pilot turns off the forward missile bay pump. The airplane is flown using 
wing tank fuel until the total wing fuel quantity is approximately 3300 pounds. 

At this time, the pilot turns on the aft missile bay transfer pump and tranfers 
missile bay fuel into the wing tanks. The aft missile bay tank is emptied in a 
short time, refilling the forward wing tanks (the float valve in the aft outboard 
wing tank does not control this transfer). When the aft missile bay tank low level 
light indicates that the tank is empty, the pilot turns off the aft transfer pump. 
The airplane is flown the remainder of the mission using wing tank fuel. 


A tank venting system provides proper pressure relief and vacuum relief for 
the missile bay tanks. The vent lines are routed through the fuselage skin and for- 
ward wing tank closing rib and tee's into the existing forward wing tank vent line. 
This vent exits through the lower surface of the wing outboard of the wheel wells 
ава minimizes the hazard of fuel re-entry into wing or fuselage cavities in case of 
fuel spillage from the vent. This location also minimizes vent pressure variations. 


The missile bay tank refueling is accomplished simultaneously with wing tank 
refueling through the missile bay transfer line. A regulator in the refueling line 
reduces the refueling pressure prior to entry into the missile bay tanks. Тһе fuel 
enters the missile bay tanks through a shutoff valve controlled by а float pilot 
valve. When the proper quantity of fuel is in the tanks, the shutoff valve closes 
stopping refueling. A refueling pressure operated vent valve opens the missile bay 
tanks to atmospheric pressure through the vent line to prevent pressure build up dur- 
ing refueling. This valve closes after refueling pressure is disconnected. 


Defueling may be accomplished by pumping the fuel out of the missile bay tanks 
into the wing and defueling via the existing defuel point or by draining through the 
low point drains in the bottom of each missile bay tank. 


The missile bay is ventilated by continuous air flow from the cabin pressure 
system through the missile bay and exiting around the missile bay doors. This 
prevents possible fuel fumes from collecting in the bay. 


Failure of fuel to transfer from the missile bay will affect range and cause 
C.G. of airplane to shift forward as fuel is used from wing tanks, but with the low 
load factors encountered ظا"‎ +2 d no problem is anticipated in flying 
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AIRPLANE MODIFICATION 


A. In order to obtain adequate fuel volume in the missile bays, it 1s nec- 
essary to remove the following equipment at time of tank installation: 


1. Missile launcher displacement gear 

2. Displacement gear up latch mechanisms 

3. Displacement gear dampers 

h, Displacement gear actuating cylinders 

5. Missile launcher electrical disconnect panels 


В. То provide for the tank and fuel system installation, the following 
modifications are necessary: 


1. Fuselage 
a. Revork missile bay beam locally to provide for tank mounting provi- 
sions. 
b. Rework missile bay beam to allow passage of fuel lines between 
tanks. 


с. Rework bulkhead at STA. 405.75 to allow passage of missile bay 
tank fuel transfer line. 

4. Rework skin at W.L. - 16.00 and approximately STA. 380 to allow 
passage of fuel vent line into wing tank vent system. 


г. Pneumatics 


a. Reroute line from R.H. air flasks to clear missile bay fuel tanks. 
b. Cap air supply to missile gear actuators. 


3. Wing 


a. Rework forward wing tank closing ribe at approximately STA. 380 
to provide for missile bay fuel tank vent line-by adding unreinforced 
hole. 
h. Fuel System 


a. Revise forward wing tank vent line to provide for "TEE" connection 
to missile bay tank vent line, 

b. Revise defueling line in the fuselage section to provide Рог "TEE" 
connection to the missile bay tank fuel transfer line. 


5. Electrical 


а. Revise missile launcher electrical disconnect panels to allow 
removal &t time of tank installation. 
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AIRPLANE MODIFICATION (Cont'd) 
C. Equipment and parts added to the airplane: 
1. Permanent additions to the basic Р-102А 
a. Fuel System 
(1) Vent Lines from forward wing tanks into missile bay - lines 
to be capped when not in use. 
(2) Bulkhead fitting through fuselage bulkhead at STA. 405.75 - 
to be capped when not in use. 
(3) Mounting provisions for the missile bay tanks and fuel lines. 
b. Electrical 
(1) Wiring for missile bay tank boost pumps and switches 
(2) Wiring for missile bay tank low level switch 
(3) Wiring for missile bay tank switch and lights in cockpit 
(№) Support provisions for boost pump relays 
(5) Fuse panel. 
с. Furnishings 
(1) Missile bay boost pump switch and low level light installation. 


2. Additions to the airplane at time of missile bay tank installation: 


а. Six (6) tanks in forward and aft missile bays. 

b. Interconnectors between missile bay tanks. 

с. Fuel transfer system from forward and aft missile bay tanks to aft 
inboard wing tanks. 

а. Missile bay tank refueling system. 

e. Missile bay tank vent system. 
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OPERATIONAL LIMITATIONS 


The airplane will have the following limitations imposed: 
1. Missile bay tanks full of fuel 


а. [ова factors are limited to +5 G's and -2.2 G's in 
flight, while the gross weight exceeds 25,000 pounds. 


b. Missile bay doors to be closed during flight. 
2. Missile bay tanks empty. 


а. Load factors are limited to +7 G's and -3.0 G's in 
Plight. 


3. External tanks "ОМ" (230 Gal. Tanks) 


a. Load factors are limited to 43.0 G's and -1.0 G's in 
flight. 


b. Maximum speed is limited to M = .95. 
h. 340 Gallon Ext. 
The pylon and attach bulkhead will probably require 


strengthening to operate at the restrictions of the 
230 gallon tanks. 
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А. Weight 


The weight permanently added to the airplane modified to receive the 
missile bay tanks 1s due to: 


1. Missile bay beam rework to provide for fuel tank 


mounting and fuel line routing provisions. 60 pounds 

2. Fuselage revork for passage of fuel lines 10 pounds 
3. Missile bay tank fuel transfer provisions l pounds 
№. Missile bay tank vent provisions В pounds 
5. Electrical wiring, fuse panel, switches 12 pounds 
TOTAL 94 pounds 


B. Weight and Balance 


1. With missile bay tanks installed, no ballast will be required for 
the configuration discussed in this report. See Figure I for С.С. 
Curve. 

2. With missile bay tanks removed and armament gear installed, the 
balance of the airplane is not appreciably changed from the basic 
7-102۸ airplane and should be ballasted in accordance with Е-102А 
requirements. The additional permanent weight improves the take 
off C.G. condition with external tanks installed. 

3. The airplane cannot be flown with missile bay tanks empty until 

—...,f*uel has been used from the external tanks and the 

aft outboard wing tanks. If the airplane is to be flown with 

missile bay tanks and fuel system installed, but deactivated, 

а ballast of 1000 pounds (154 gallons) of fuel is required in the 

forvard míssile bay tank. (бее C.G. Curve Figure II) 


— t 
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TANK INSTALLATION AND REMOVAL TIME 


The following estimated times are for squadron level installation of the 
missile bay tanks and fuel system. It is assumed that the airplane has been 
previously modified to receive the tank installation: 


1. Remove armament equipment 6 man hours 
2. Install tank supports 6 man hours 
3. Install tanks 4 man hours 
lh. Connect fuel and electrical systems 8 man hours 
5. Inspection and systems checkout 2 man hours 


TOTAL 26 Man Hours 


Assuming а ! пап crew for installation work and 2 men for inspection and 
checkout, the total elapsed time would be about 8 hours. 


To remove the tank installation and reinstall the armament gear, it 15 
estimated that approximately the same number of man hours will be required. 
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DISCUSSION 


Alternate utilization of the missile bay ferry tanks permits 
an extension of the F-102A combat radius. For this configuration, 
the armament in the center bay is retained and fuel tanks are in- 
stalled in the outboard bays. Тһе (24) 2.75" КРАВ rockets may also 
be retained with the addition of rocket blest protection over the 
fuel tanks. 


The armament loaded in the center missile bay can be two GAR-1/2 
or improved versions of the GAR-1 (Reference Convair Report ZP-8-057) 
when available. 


Fuel capacity of the F-102A is increased by 298 gallons with 
the addition of the outboard missile bay tanks. This yields & 
Еговв range of 1110 n. miles (Reference Page B). For а subsonic 
cruise out and back mission with two minutes combat and 2000 lb. 
landing reserve, this fuel loading results in a combat radius of 
565 n. miles. The basic airplane without external tanks has a radius 
of 366 n. miles for the same mission. 


The fuel system installation in the eirplane is essentially 
the same as for the ferry extension installation. However, the 
tanks will require added provisions for their use in combat range 
extension. The system requires the same tie-in to the existing 
A/C system as before as may be seen in comparing Figure 1.A with 
Figure III. The 4-tank system requires the addition of boost 
pumps and low level switches to each of the tanks plus a refuel 
float pilot valve to the right-hand forward tank. 


The provisions for these items can be added to the tanks of 
the ferry fuel installation. 


Travel of the airplane C.G. and fuel sequence is shown in 
Figure 2.A. 


Fuel is transferred from the missile bay tanks to the wing 
tanks by a transfer line tee'd into the existing wing refueling 
system. The existing refueling shut-off valve in the aft inboard 
wing tank will prevent missile bay fuel from over filling the wing 
tanks. 
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UNCLASSIFIED 


The uissile bay transfer system is controlled by the pilot as 
follows: When the external tanks are depleted, the pilotturns on 
the forvard missile bay transfer pumps. The aft missile bay transfer 
pumps remain off. The fuel flows into the wing tanks through the 
refueling lines and is controlled by the flost pilot valve in the 
aft outboard wing tank. The fuel from the missile bay tank replaces 
fuel used from the aft inboard wing tank as it is consumed by the 
engine. When the forward missile bay tanks are eupty, ав indicated 
by the low level light, tbe pilot turns off the forward missile bay 
pumps. Normal operation follows until the wing fuel quantity is 
approximately 3300 lbs. The pilot then turns on the aft missile 
bay pumps and transfers the fuel into the wing tanks. The aft missile 
bay tanks are emptied in & short time, refilling the forvard ving 
tanks. When the aft missile bay tank low level light indicates that 
the tank is empty, the pilot turns off the aft transfer pumps. The 
remaining wing tank fuel is then used. 


A tank venting system provides proper pressure and vacuum relief 
for the missile bay tanks. The vent lines tee into the existing 
forward wing tank vent line. 


Missile bay tank refueling is accomplished simultaneously with 
wing tank refueling through the missile bay transfer line. A regu- 
lator in the refueling lines reduces the pressure prior to entry 
into the missile bay tanks. When the tanks are full, the fuel flow 
is stopped by the refueling shut-off valve which is controlled by 
the float pilot valve. А refueling pressure operated vent valve 
opens the tanks to atmospheric pressure to prevent pressure build 
up during refueling. 
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Себе да ақа мінді. 


SUMMARY 


The cumulative effects of a series of previously proposed 
improvement items for the Е-102А are described in terms of the 
aircraft performance and the weapon system effectiveness. 


Aircraft performance is greatly improved by the 27-36-22, 
the Vmax increasing from M = 1.18 to M = 1.6. Supersonic operational 
higher altitudes are also realized. 


System effectiveness is increased by the addition of extended 
radar capability, CCM provisions and an infrared search and track 
aystem. 


The number of interceptors that can be brought into Battle can 
be increased by means of the higher speed and longer range versions 
considered. 
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Цэдэн о ааа 


I. INTRODUCTION 


А series of individual improvements has been offered оп the 
F-102A over the past several months. These improvements have con- 
sisted of aerodynamic, armament and fuel variations, and various 
Bystems improvements. 


These improvements, exclusive of armament changes and 
varied fuel loadings, along with the installation of а higher- 
thrust, lower-weight engine are incorporated together into an 
improved F-102A. Armament changes and varied fuel loadings are 
then applied to this improved F-102. Performance effects аге 
shown for these various configurations and compared to the tacti- 
cal F-102A. 


In addition, the effects of these improvements on the weapon 
System effectiveness аге outlined. 
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ІІ. Weapon System Improvements 


The basic improvements included in this modernization pro- 
gram provide greater aerodynamic and systems capabilities.  Aero- 
dynamic gains are realized by the installation of the P&W JT-3C-22 
engine and the replacement of wing fences by the wing leading 
edge slots. The 91-30-22 engine is а lighter-weight, higher-thrust 
version of the 47-57. 


Systems improvements are realized by the incorporation of 
extended radar and counter-countermeasure capabilities, the instal- 
lation of ап infrared search & track system, and the incorporation 
of improved {daVigational components. 


The weapons system contribution of these improvements is 
discussed in the following section, along with a series of alter- 
nate missile bay and armament loadings that can effectively con- 
tribute to the aircraft capabilities under varying tactical condi- 
tions. 


The inboard profile (Dwg. SD-58-08012) illustrates the 
general areas of the aircraft that are affected by the incorporation 
of these improvements and some of the possible missile bay loadings. 
The airplanes that have been described for comparison are: | 


Tactical Ғ-102А (6-GAR-1/2 & 24-2.75" FFAR) 


Tactical F-102A plus the aerodynamic and systems improve- 
ments (6-САВ-1/2 & 24-2.75" FFAR). 


Tactical Е-102А plus improvements, missile bay loading 
of 694 gal. fuel and ап external armament loading of 
(2) MB-1 rockets. 


Tactical Е-102А plus improvements and a missile bay 

loading of (1) MB-l rocket in the center missile bay 
(forward armament position) and 454 gal. fuel in the 
outer missile bays. 


Same as A/C D except the МВ-1 is replaced by (2) GAR-11 
missiles. 


Trailer & identification type Е-102 (with improvements) 
full missile bay fuel (694 gal.) and with external tanks. 
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А. Performance 


Various performance factors for the five configurations of 
the Improved F-102 and for the current tactical Е-102А are shown 
in Figures 1 thru 7. A direct comparisén of the &erodynsmic im- 
provements is illustrated by comparing configuration А (the tacti- 
cal F-102A) to configuration В (J57-P-23 engine replaced by the 
JT-3C-22 engine and wing fences replaced by wing leading edge slots). 


Performance data includes: 


Fig. l Take-Off Distance (Mil + A/B Thrust) 

Fig. 2 Time to Climb (40,000 8 50,000 ft.) (Mil + A/B Thrust) 
Fig. 3 Time to Climb to 35,000 ft. (Mil thrust) 

Fig. 4 Speed-Altitude Envelope (Mil. + A/B Thrust) 

Fig. 5 Speed-Altitude Envelope (Mil Thrust) 

Fig. 6 Subsonic Mission Radius 

Fig. 7 Dash Mission Radius & Time to Intercept 


The performance of the Improved F-102 is greatly increased 
over that of the tactical F-102 specifically in regards to take-off 
distance, minimum time to climb, and speed altitude capabilities. 


The speed-altitude envelope is ghovm with respect to the 
flight envelope capabilities and extends beyond the original design 
criteri& of the Р-102А. However, it is considered feasible to oper- 
ate beyond the M = 1.5 region with the retention of the existing "а" 
design limits. The maximum design temperature for the F-102A exists 
on the "а" limit &t M = 1.5. However, this area is belov the sus- 
tained flight capabilities of the airplane where the stagnation 
temperature is lower. Hence, on incorporation of these performance 
improvements, an investigation would be required to determine the time- | 
temperature history of а maneuver carried out in this area. Should 
temperatures become critical, a constant stagnation temperature line 
could be incorporated into the flight limit line as in the F-106 A/C 
(М = 1.9 at 30,000 ft. to Ме 2.0). 


With regard to the aircraft subsystems, there is little or no 
additional electrical loads, no new problems of air conditioning or 
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heat rejection created by the installation of the JT-3C-22 engine 
in the Е-102А and the attendant increase in the Mach number сара- 
bility envelope. In general, in the areas where the small increases 
do occur, they are localized special operating conditions which сап 
be corrected by limiting operation in these areas. 
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Systems Improvements 


2. 


Extended Radar Capability - The extended radar сара- 
bility has been outlined in CPO 58-173, "MG-10/MG-10T Fire Control 
System = Range Extension and Improved Target Discrimination". In 
essence, the changes апа the significance of these changes are ав 


A new glare shield is added to reduce the amount 
of ambient light striking the scope which will 
therefore aid in target detection and discrimina- 
tion. 


The range of the data link presentation is ex- 
tended to make the data link display compatible 
with the radar display in the long range search 
modes. (See below). 


Adds provisions for indicating antenna elevation 
to the pilot, which in differential altitude 
attacks under GCI will result in a greater pro- 
bability of detection when the search scan pattern 
18 centered about the target in elevation. 


А short pulse in search is added to allow better 
range resolution for tracking the target (in 
search) through clutter after initial detection. 


A five position range selector is added to allow 
the useage of longer range search for airborne 
targets, which increases detection capability of 
the system. 


Extended lock-on range is provided to permit the 
radar to be locked on the target at ranges up to 
80 nautical miles if target return is sufficiently 
strong. 


Ап Т.Р. gain position marker and range placard 
is &dded to aid the pilot in setting the gain control 
for maximum detection and lock-on range. 
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h. А range апа azimuth scope overlay is added to 
aid the pilot in determining where on the scope 
to expect the target based on G.C.I. information. 
This would also be an aid in navigation from 
ground map and beacon information. 


г. Counter-Countermeasure Capabilities - A series of 
counter-countermeasure additions to the MG-10 Fire Control System 
has been proposed to reduce the vulnerability of the system under 
certain ECM conditions. These additions and their effects are as 
follows: 


a. Automatic RF tuning will tune the radar frequency 
away from the frequency of the jammer. This will 
aid in avoiding spot jammers of the slow tuning 
magnetron type. 


b. AHoms-on-Jam mode allows the radar to track a 
с=т barrage or spot jammer in angle. With this 
improvement, pursuit type attacks with the GAR-11 
can be carried out with range to fire being ob- 
tained optically or by over powering the jammer. 


с. Rapid range reset allows control of the range 
strobe unit with the hand control without changing 
the angular position of the radar. This speeds 

E up re-acquisition of the target after loss of lock- 
on. 


d. А 75 cycle scan frequency is inserted in the PHF 
generator resulting in a pseudo-random РКЕ. This 
provides additional capability against range-gate 
stealer repeaters. 


e. A ferrite attnuator adds 30 db of dynamic range to 
| the receiver, making it possible to mechanize а Цоте- 
on-jam mode against high power jamming targets. 


3. Installation of АВН-21 & 31. - The АҢЫ-21 TACAN unit 
provides the capability of determining range and bearing. It replaces 
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а unit which yielded bearing only. The ARN-3l provides an ILS 
function which when coupled with the AFCS provides automatic flight 
down to 50 ft. off the runway. 


3, Infrared Search and Track System ~ The infrared system 
will significantly improve the overall combat effectiveness of the 
Е-102 in such adverse combat situations аз а strong ECM environment, 
а very low altitude attack or a malfunctioning radar system. Under 
such conditions at present, a successful attack is almost completely 
dependent upon use of the optical sight, which at night, is almost 
totally degraded. 


The infrared system will provide precise steering in- 
formation by a steering dot, which is positioned by the IR tracking 
head, to insure that the target will be within the field of view of 
the GAR-2 missile at launch. In addition, an aural tone is presented 
to the pilot for discrimination of a point source target from extended 
sources of background during the tracking phase. 


The reference circle, in which the steering dot is 
centered, is designed to provide an indication that the IR signal 
strength is above the minimum threshold for САҚ-2 lock-on. The 
Range Circle is controlled by the Intensity Rate Ranging system unit. 
The circle shrinks at a rate which is proportional tothe rate with. 
which the interceptor closes on the target. On coincidence with the 
reference circle, the interceptor is within firing range. These 
features will significantly enhance the effectiveness of the GAR-2 
missile and can permit a completely passive attack. 
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C. Weapons System Improvements 


The addition of these improvements to the F-102A aircraft 1 
contribute significantly to the effectiveness of the weapon system. 


l. Relative Battle Depth for Various Configurations. One 
measure ОҒ interceptor effectiveness is the number of interceptors 
which can be brought into battle against a given threat. This 
number is roughly proportional to the "battle-depth", i.e. the 
distance from the interceptor base that the first interceptor contacts 
the threat. Та Figure 8, the battle depth versus radar coverage is 
shown for the F-102 configurations under study. It is to be noted in 
that the increased fuel loadings (utilization of missile bay fuel) 
provide significant gains for longer radar ranges such as would be 
provided for inland bases or bases along the northern perimeter of 
the United States. At the shorter radar ranges, some gains are 
realized from the increased fuel and speed capabilities in utili- 
zation of a subsonic mission combined with a dash portion of the 
mission. 


2. Zones of Effectiveness. In Figures 9, 10 and 11, the 
various Е-102 study configurations are compared in terms of the 
speed and altitude capabilities of the threat against which each is 
to be effective. Target speed-altitude envelopes along which Рас 
or Pac X Pk аге at least as great as the minimum values stated are 
for forward and rear-hemisphere attacks. Snap-up capability is in- 
cluded against targets with up to 15,000 ft. greater altitude than 
that of the interceptor. For rear hemisphere attacks, a larger zone 
for a high overall kill probability is noted for the clean configura- 
tions. Larger high altitude zones are noted for the Falcon-carrying 
aircraft as compared to those carrying MB-l's because of a limited 
Ру for the МВ-1 in this area. No specific envelope is included for 
the GAR-11 version for head on attacks because of limited data available 
on Pk under these conditions. Maneuverability and lock-on ranges аге 
expected to be comparable to those of the GAR-1D which has a limited 
forward hemisphere capabllity as indicated. However, because of its 
greater tolerance to large dispersions, the САН-11 should be expected 
to have better capability in this area. Since the МВ-1 is unguided, 
its kill probability is essentially independent. of attack direction 
and therefore remains fairly high for forward hemisphere attacks. 
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аанын. 


3. Fire Control System Capabilities under Jamming Conditions. 


Тһе counter-countermeasure capabilities discussed under section B.2 
above add to the attack effectiveness during the lock-on and track- 
ing phases. 


4. Missile Capabilities under Jamming Conditions. With hit- 
to-kill type missiles such as the GAR-l, relatively small changes 


in dispersion may result in substantial changes in the probability 

of Kill, whereas large changes in dispersion may be tolerated by 

the САВ-11 due to its fuzing radius and lethal volume. This increased 
tolerance to dispersion results in enhanced missile capability in 

the presence of countermeasures. 


The performance of the GAR-1D апа САН-11 against a variety of 
jaummers which may be encountered tactically is indicated in Figure 12. 
The effect of certain countermeasures is to confuse the missile by 
imposing nolse on the steering information, resulting in increased 
dispersion. Figure 12 indicates that successful operation can be 
attained by the GAR-ll in a countermeasures environment suffielently 
severe to destroy the capability of the GAR-lD. 


The МВ-1 missile, being unguided and time fuzed, is not vulnerable 
to any countermeasure after launch. However, any countermeasure .ےن‎ | 
directed at the interceptor fire control system and designed to депу 
or degrade range information prior to missile launch will increase 
the dispersion of the МВ-1 by an amount sufficient to seriously 
degrade the kill probability. Without а back-up armament for use 
under these countermeasure conditions, the MB-l is considered in- 
ferior to the GAR-11 as a primary weapon. More specifically, the 
GAR-1l сап be fired оп home-on-jam mode, after obtaining rough 
range by optical, infrared or cross-over methods, under conditions 
where the ranging requirements of the МВ-1 could not be met. 
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PREPARED BY co D AA ےت‎ КЕРОКТ NO. 2Р-8-061. 
СНЕСКЕО ВУ SAN DIEGO MODEL Ё-102А 
REVISED BY DATE 5 August 1958 
APPENDIX A 
The c.g. envelope for the configurations of the improved 
F-102 are given in Figures А-1 through A-5. А11 curves include 
the effect of the systems improvements and are based on using а 
the steel version of the Pratt & Whitney 4717-30-22 engine. 
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SAN DIEGO MODEL F-102A 


DATE 5 August 1958 


task of installation of these improvements is outlined 


in the following documents: 


1. 


2. 


СРО 58-173 "S/A-MG-10/MG-loT Fire Control System- Range 
Extension and Improved Target Discrimination". 


CPO 58-95 "Р-102 Replacement of Wing Fences with Leading 
Edge slots". 


СРО 58-2-6 - "S/A-Addition of Passive Detection Capability 
to Е/ТЕ-102А Aircraft-Single Seeker Head". 


ECP - 1220-6225 - "ARN-21 and АНН-31 Installation-Change 
in Production Effectivity". 


CPO 58-41 - "GAR-1Y/CCM Modes Incorporation = Retrofit 
Program". 


Missile Bay Fuel Tank Installation is covered in CPO 58-2-1 
"Alaskan Command ۶-102 Extended Range Configuration". 


JT-3C-22 engine installation task is as follows: 
Revise engine cooling system to new requirements. 


Revise oil system using state-of-the-art components as 
needed for the JT-3C-22 requirements. 


Revise fuel system, low pressure warning for engine сара- 
bility. 


Revise air intake system to provide for additional engine 
cooling air and revised oil cooler. 


Revise fire detector systen. 

Revise ice detector system. 

Revise tubing routings as required by new engine. 
Redesign engine removal system. 

Revise engine instrument operational range limits. 


Redesign upper engine mount beam due to increased thrust. 
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Data has also been compiled on а configuration having a mixed 


armament loading along with some added fuel. 
consists of: 


Improved Р-102 with - 


This configuration 


(1) МВ-1 in the center missile bay (forward position), 
(2) Talcon type missiles in the forward outer bays, 
and 242 gallons of fuel in the aft outer bays. 


The data added to the charts for this version is as follows: 


Normal Fuel With Externsl Tanks 
Take off distance 
Ground Roll 1850 ft 2310 ft 
Over 50' Obstacle 3310 ft 3830 ft 
Time to Climb-mil + А/В 
То 19,000" 2.28 шіп. 2.85 шіп. 
То 50,000" 1.27 шіп. 6.10 min, 
Time to Climb - mil power 
35,000! 9.5 тіп. 13.3 win. 
Subsonic Mission Radius 518 nomi. 150 nemi. 
Dash Missi 
Radius 121 п.ші. - 
Time 9.2 min. - 
The weights for this configuration аге: 
Empty 18,847 Fuel Wt 8546 
т.0. WT 29,191 Fuel W Ext 11,341 
T.O. W Ext. 32,317 Arm. Wt 1085 


The c.g. envelope is given in Figure 0-1. 


Ап alternate version consists of loading (2) GAR-11 missiles іп 
pl&ce of the МВ-1 rocket. 
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x INTRODUCTION 


The purpose of this study is to investigate the next 
step in the evolution of the F-102 type of airplane. 
This step is one which has as a target a prototype 
airplane in about three years. 


This prototype would be a component of a weapon 
system that would be effective against a Mach 2 
mass raid at 60,000 feet as a minimum and take 
maximum advantage of the projected contiguous 
coverage. | 
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SUMMARY 


А preliminary design study ОЁ an advanced F-102 

airplane has developed configurations with great- 
ly improved performance characteristics compar - 
ed with those of the F-102B. 


Four similar configurations with three different 
engines are described in this report. 


А target date of 1959 appears feasible for a pro- 
totype of one of the configurations. 
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| 
| 
| 
| CONFIGURATION STUDIES 


. Variables Studied: 


| to Ше F-102B configuration that would result іп improved airplane or system 
| performance. Among these were the following: 


x | Studies were made in the Preliminary Design Group of various changes 

| 1; Canard control system 

| 2. 40-inch radar antenna 

| 3. Increased radar power 

| 4, Larger thrust engines 
5. Biconvex airfoil section 


! 

| 

| 6. Variable camber leading edge 

| jp Precompressor cooling with water 
1 
| 


— سے‎ -.. -.-.. шы - 


8. Flush canopy 
9. Guided nuclear warhead госке! 
10. Pilot евсаре capsule 


11. Increased directional stability 


= ——— =. 22 = 


| Aerodynamic studies were also made to determine the effects of these 
| changes on airplane performance. After analyzing the individual effects, 

| four combinations of these changes were chosen for investigation. 

| 


Configuration with JT4B-21 Engine: 


The first combination to be studied is shown in Figures 1 and 2. This 
configuration included the following changes from the F-102B: 


FORM 15١۳ 6۰۱ 
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1. Canard control system 

2. 40-inch radar antenna 

3. Pratt & Whitney JT4B-21 engine 

4. Precompressor cooling with water 

5. Вісопуех airfoil section (3. 85% thick) 

6. Variable camber leading edge 

4: Pilot escape сарвше 

8. Increased power in radar 

9, Guided nuclear warhead rockets 

10. Larger external fuel tanks (two 515-gals.) 

face located with the hinge line at Station 90. The canard is located low on the 
fuselage to keep the wake of this surface below the wing and away from the 
engine inlet. Actuation of the canard surface may be by several methods, but 
at present the best method appears to be by an irreversible trailing edge tab 
on the canard surface controlled by the pilot's stick. Damping of the main 


surface may be provided if analysis or tests show that it is necessary to insure 
against flutter. Longitudinal control feel will be provided similar to the way 


it is now obtained on the F-102B. 


All trimming and control will be done by the canard and the elevons will 
become flaperons; that is, they will be used as ailerons and landing flaps with 
deflections of five degrees when used as flaps. The use of this surface makes 
unnecessary the use of the fuel transfer system as used on the F-102B. Further 
discussion of the canard surface can be found in Reference |. 


The 40-inch radar antenna is possible by moving the radar antenna back 
іп the airplane's nose and by a slight modification of the radome lines to pre- 
vent reflection of the radar energy. Gimballing of the antenna has been 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
x 
| 

| | 

| | The canard control system consists of а freely-floating, 45° delta sur- 
| 
| 
| 
| 
| 
| 
| 
x 
| 
| 
| 
| 
| 
| assumed to be about axes іп the plane of the face of the antenna. Radar power 
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has been increased from 250 KW to 500 EW. Reference 2 discusses the 
improved radar performance. Тһе higher speed of this airplane requires 
that a higher -temperature-resisting radome be used. Тһе Plaskon 911-11 
resin with Fiberglass in the F-102A radome is satisfactory up to about 
'800^F. VIBRIN Х-1047 resin is satisfactory to about 500^ F and PDL -7-669 
is satisfactory for between 500° - 600°F. Both of these materials have 
Specific gravities and dialectric characteristics similar to those of the 
F-102A, but a test program will have to be conducted to determine the most 
satisfactory material. 


The Pratt & Whitney J75 of the F-102B has been replaced by an ad- 

| vanced version known ав the JT4B-21. This engine has а static sea level 
rating of 25, 000 pounds with afterburner and is expected to be available by 

August 01 1958. This engine fits into the F-102B airframe with very minor 
modifications. However, the increased thrust of the dry engine plus the 
| increased thrust from precompressor coolingy requires that the engine ТЕР 
шев һе increased from 1060 sq. іп. to 1840 ва. іп. This requires а ге- Шы 
fairing of the fuselage lines for some distance back from the inlets. 


Precompressor cooling consists of injecting water into the engine air 

| ducts downstream of the last shock wave (see Reference 3). Тһе water tank 
will have heat added from an airplane source to keep it from freezing when 
the airplane is flying and from an external power source with thermostatically 
controlled electric heaters when on the ground during freezing temperatures. 
Insulation may be incorporated around the water tank to conserve heat. АД 
water tank with a capacity of 180 gallons is provided. 


| А biconvex airfoil section with a thickness ratio of 3. 85% has replaced 
the Case XIV camber on the 0004-65 airfoil of the F-102B. The biconvex 
airfoil forward of the 50% chord point is parabolic and aft of this point it is 
identical with that of the F-102B. 


The leading edge of the wing has a nose flap to provide variable camber. 
This flap hinges along a line 10% of the wing semi-span. The same wing area 
as on the F-102B is used as on all airplanes in this study. The wing is con- 
structed of stainless steel sandwich skin with titanium spars andribs. The 
wing construction is covered in more detail in Reference 4. The fuselage is 
to be constructed of titanium. 
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| 
| 
| Тһе vertical tail area has been increased to 120 square feet to offset 
| | the decrease in lift curve slope that occurs at the higher Mach number that 
| | this atrplane can attain. The vertical tail will have construction similar to 
| | . that of the wing. 

| 

| Тһе pilot escape сарвше is of Ше type being developed by Stanley 

: Aviation Corporation for the Air Force based on the F-102A. (Reference 5). 

7 А pressure-tight door closes under the pilot when he decides to escape and 

| the whole windshield, canopy, seat and part of the cockpit is ejected by the аы) || 

| thrust of a КАТО unit. A stabilizing boom keeps the ejected unit from tumbl - 

ing and a static line attached to the fuselage releases the drogue chute when | 
the escape capsule has cleared Ше airplane. When Ше speed is reduced and 
the capsule is below, say, 10,000 feet altitude, an automatic release permits 
the drogue parachute to deploy the main parachute. The pilot lands in the 
escape capsule, protected from the high dynamic pressure, low ambient 
pressure and low ambient temperatures. 
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There is space in the missile bay for two unguided Ding Dongs ог for 
two guided nuclear warhead rockets (hereafter called "Guided Ding Dongs"). 
The guided Ding Dong shown in Figure 2 is based on a short. study to see if 
a guided weapon could be designed to fit into the same space as the unguided 
Ding Dong, "This Weapon is based on a smaller sized warhead than the one in 
the unguided Ding Dong, but with at least as large a yield. In all airplane 
configuration studies, weight allowances for the larger, unguided Ding Dongs 
have been made (815 pounds each) although it is anticipated that a guided 
version with new warhead development might be made for less weight. An- 
other weapon, a larger unguided Ding Dong of 100 KT yield, appears useful 
for forward area interceptors. Such а missile, weighing approximately 1800 
pounds, could also be carried in the missile bay as an alternate to two Ding 


Dongs. 
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i One Ding Dong and four Falcon missiles could be carried as in the 
F-102B, if the missile bay fuel tank were to be removed and this fuel carried 
' in the water tank and the water carried in smaller tanks around the ducts. 


Internal fuel tanks consist of the following: 
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1. Main fuselage tanks 189 Са18. 1228 Lbs. 


2. Missile bay tank 212 Gals. 1375 Lbs. 
3. Main wing tanks 890 Gals. 5790 Lbs. 
4. Aft wing tank 233 Gals. 1514 Lbs. 

(formerly a transfer tank) 
Totals 1524 Gals. 9907 Lbs. 


Table 1 shows the group weight statement for this airplane and Figure 


3 indicates how the center of gravity varies with airplane weight. 
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| Wing 
| Tail 
| Fuselage 
Landing Gear 
| Surface C ontrols 
Engine Section 
Propulsion Group 
Engine 
Air Induction 
| Exhaust System 
Cooling System 
Lubrication System 


l 


Engine C ontrols 

Starting System 
Instruments and Navigation 
Hydraulics and Pneumatics 
| Electrical Group 
‘Communications and Electronics 
Armament Provisions 
| Furnishings and Equipment 
| Air Conditioning and. Anti-Icing 
| Auxiliary Gear 


Weight Empty 


Useful Load 
Pilot 
| ОП - Trapped and Engine 
Trapped Fuel 
Trapped Water 
| Internal Fuel 
Water 
Armament 


| Gross Take-Off Less Externals 


External Tanks and Pylons 
External Fuel 


Gross Take-Off with Externals 
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The second combination studied differed mainly from the first one in that 
а General Electric X84B engine of 29, 100 pounds static sea level thrust with 


afterburner has replaced the Pratt & Whitney JT4B-21 with precompressor 
cooling. Like the first combination, the following items differ from those [01 


the F-102B: 


1. 
2. 
| 3. 


7. 
8. 


Сапака control system 

40-inch radar antenna 

Increased power in radar 

Biconvex airfoil section (3. 85% thick) 
Variable camber leading edge 

Pilot escape capsule 

Guided nuclear warhead rockets 


Larger external tanks ( two 460-gals). 


а ` Ап inboard profile of this airplane is shown іп Figure 4. Even with Ше 
ваше wing area ав the F-102B, this airplane is able to take-off and land in 
labout the same distances as the F-102B because of the canard tail (see Refer- 


'ence 1). 


Internal fuel tanks with the following capacities are provided in this air- 


plane: 
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Main fuselage tank 189 Gals. 

Missile bay tank 212 Gals 
Between duct tank 350 Gals. 
Main wing tank 890 Gals. 
Aft wing tank 233 Gals. 


1 F-102B)1874 Gals. 


(formerly a tran 


(1228 Lbs. ) 
(1375 Lbs.) 
(2275 Lbs.) 
(5790 Lbs.) 


(1514 Lbs.) 
(12,182 Lbs.) 
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Table 2 presents Ше group weight statement for this airplane and Figure 
5 shows the variation of center of gravity with weight. 


Configuration with 489 Engine: 

| 

| The third combination studied differs mainly from the first in that an 
Allison 489 engine of 37,500 pounds static sea level thrust replaces the Pratt 
& Whitney JT4B-21 with precompressor cooling. Configurations with and 
without precompressor cooling were studied. Like the first configuration, 
this airplane differs from the F-102B because of the addition of the following 
items: 

| 

| 1. Салаға control system 


2. 40-inch radar antenna 

3. Increased power іп Ше radar 

4. Biconvex airfoil section (3. 85% thick) 
5. Variable camber leading edge 

6. Pilot escape capsule 

7. Guided nuclear warhead rockets 

8. Larger external tanks (two 460-Gals. ) 


_ + This configuration is shown in Figure 4 using the lines indicated for 
the J89 engine. 


| With the same wing area as the Е-102В, the canard tail makes it possible 
for this airplane to take off and land in about the same distance as the F-102B, 
even with the fairly large weight increase (see Reference 1). 

| Table 3 shows Ше weight and balance of this airplane without precom- 
pressor cooling and Figure 6 shows the c.g. travel as a function of airplane 
weight during the mission. Proper fuel sequencing keeps the center of gravity 
inside of the allowable limits. The canard tail eliminates the need for the fuel 
transfer system of the F-102B. 
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TABLE II 
| GROUP WEIGHT STATEMENT 
| X =84B 
Wing 
"Тай 
‘Fuselage 
Landing Gear 
Surface Controls 
‘Engine Section 
Propulsion Group | 
Engine 6,090 
| Air Induction 1,871 
| Exhaust System 236 
| Cooling System 84 
Lubrication System 53 
| Fuel System ر‎ 946 
Engine Controls 29 
Starting System 73 
Instruments and Navigation 
Hydraulics and Pneumatics 
Electrical Group 
(Communications and Electronics 
Armament Provisions 
[Furnishings and Equipment 
Air Conditioning and Anti-Icing 
Auxiliary Gear 
Weight Empty 
Useful Load 
Pilot 215 
Oil - Trapped and Engine 60 
Trapped Fuel 289 
| Trapped Water --- 
| Internal Fuel 12,182 
| Water C. 
Armament 1,630 
Gross Take-Off Less Externals 


| External Tanks апа Рујопв 
| External Fuel 


Gross Take-Off With Externals 


i 
| 
! 
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4,065 
1,035 
6,007 
1,412 
467 
33 
9,382 


137 
357 
602 
2,253 
235 
233 
355 
60 


26, 633 


14,316 


41, 009 


516 
5,948 
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TABLE Ш 


GROUP WEIGHT STATEMENT 


! 
Wing 
Tail 
Fuselage 
Landing Gear 
Surface Controls 
Engine Section 
Propulsion Group 
| Engine 
| Аш Induction 
Exhaust System 
Cooling System 
| Lubrication System 
| _Fuel System 
| Engine Controls 
| Starting System 
Instruments and Navigation 
Hydraulics and Pneumatics 
Electrical Group | 
Communications and Electronics 
Armament Provisions 
Furnishings and Equipment 
\їг Conditioning and Anti-Icing 
Auxiliary Gear 


Weight Empty 
| 


Useful Load 

| Pilot 

Oil - Trapped and Engine 
Trapped Fuel 

Trapped Water 

Internal Fuel 

Water 

Armament 


«ыша 
| 


۱ 
Gross Take-Off Less Externals 


| External Tanks and Руіопв 
External Fuel 


Gross Take-Off With Externals 
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1,035 
6,137 
1,412 
467 

33 
10,526 


137 
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2,253 
235 
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27, 946 
14, 376 
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Internal fuel tanks with the following capacities are provided in this 


1. 
2. 
3. 
4. 
5. 


Table 4 shows the weight summary of the same airplane with precom- 


Main fuselage tank 189 Gals. 
Missile bay tank 212 Gals. 
Between -duct tank 350 Gals. 
Main wing tanks 890 Gals. 
Aft wing tank 233 Gals. 


(formerly a transfer tank) 


pressor cooling. 


| 
| 
| 
! 
| 
| 
| 
| 
| 
| 
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PREPARED BY SAN DIEGO DIVISION REPORT NO. 28 -8-030 
СНЕСКЕО ВУ MODEL | Нет 
REVISED вү | ПАТЕ 16 Nov. 1955 
ТАВЬЕ ТУ. 
GROUP WEIGHT STATEMENT 
XJ 89-А1 
PRECOMPRESSOR COOLING 
Wing 4,104 
Tail 1,035 
, Fuselage 6,137 
Landing Gear 1,412 
| Surface Controls 467 
, Engine Section 33 
' Propulsion Group UE 10, 968 
| Engine 7,350 
Air Induction 1,999 
| Exhaust System | 236 
| Cooling System нэ 84 
Lubrication System 53 
Fuel System 1,144 
Engine Controls 29 
Starting System 73 
Instruments and Navigation 137 
' Hydraulics and Pneumatics 357 
, Electrical Group 602 
Communications and Electronics 12,253 
Armament Provisions 235 
Furnishings and Equipment 233 
| Air Conditioning and Anti-Icing 355 
Auxiliary Gear 60 
| Weight Empty 128,388 
i Useful Load 15,893 
Pilot 215 | 
Oil - Trapped and Engine 60 | 
| Trapped Fuel 289 | 
Trapped Water 17 | | 
Internal Ече! 12,182 
Water 1,500 
Armament 1,630 
Gross Take-Off Less Externals 44,281 
External Tanks and Pylons 516 | 
External Fuel | 5,948 | 
— mE | 
` Gross Take-Off with Externals 50, 745 | 
| 
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CONCLUSIONS 


A target date of 1959 appears feasible to develop a 
prototype of the advanced F-102 equipped with the 
Pratt & Whitney JT4B-21 engine and precompres - 
sor cooling. This airplane has a take-off gross 
weight of 39, 000 pounds without external tanks and 
46, 300 pounds with two 515-gallon tanks and 
pylons. 


An intensive development program as outlined in 
the reference reports should make it possible to 


produce a prototype as described in this report in 


about three years. 
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FORWARD 


_ This report supplements Convair Report 2Р-59-08002 
dated May 1959, and is to answer specific questions about 
the F102 Strike Attack Aircraft. 


Ще report is divided into three sections. The first 
i section Bhows a new internal arrangement of the mid lower 

' fuselage space to provide more internal fuel, This arrange- 
ment also provides for specific electronics different from 
that originally planned. Тһе resulting armament loadings 

| and performance changes аге also shown in the first section. 


In the second section the basis for the performance 
estimates is given. 


The third section is devoted to a brief determination 
of the fatigue life of the aircraft in the strike attack 
role. 
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PREPARED BY à Вулзон OF ФЕНКИА. DYNAMICS CORPORA атаоМ REPORT NO: 7р8-063 

СНЕСКЕО ВУ SAN DIEGO MODEL 

REVISED BY DATE dune 1959 
| А 


The F-102 Strike Attack Aircraft is an all-weather weapon. 
system designed to destroy enemy ground targets and make air 
interceptions under good conditions of visibility. * 


It is a single seat supersonic fighter, an outgrowth of the 
F-102A, the USAF's only operational supersonic all-weather inter- 
ceptor. The fuselage features a pointed nose radome, a bubble 
canopy, side-located engine sir inlet ducts, and а "waisted" 
midsection designed to the area rule. 


The F-102 has no horizontal tail. It is equipped with 
trailing edge elevons which act as elevators and ailerons. ‘The 
cockpit. controls are the conventional stick and rudder pedals. 


Another important feature is the construction of the main 
fuel tanks which are integral with the wing. These tanks carry 
а large portion of the required fuel leaving adequate fuselage 
space for electronic equipment. and armament. 


out (ВАСО) of airplane systems by electronic means. This feature 
can be included if desired by the customer. 
The F-102 Strike Attack Aircraft is powered with a Pratt 


and Whitney 4-57 dual spool axial flow jet engine equipped with 
an afterburner. 


% Sidewinder ‘limitation. 


| 
| 
| 
x 
x Convair has developed techniques for rapid automatic check= 
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REVISED BY DATE June 1959 


F-102 STRIKE ATTACK AIRCRAFT 


INBOARD PROFILE DESCRIPTION 


| The F-102 Strike Attack airplane differs from the Interceptor ав 
follows: 


(а) The nose section ahead of the pilot's compartment is revised 
to accommodate radar and fire control systems with air-to-ground and 
| air-to-air capabilities instead of air interception only. 
(b) An air refueling system has been added. 
(c) Тһе pilot's canopy is changed to the "bubble" type. 


(а) The missile bay in the bottom center of the fuselage is 
revised to accammodate bombs and additional fuel. 


(e) Cockpit instruments and control panels are those appropriate 
to strike attack missions. 


carry pylon mounted weapons or fuel. One of the wing stations on each 
side is outboard of the landing gear strut-to-wing attachment; the other 
is inboard. 


| 
| (f) Four wing stations; two on each side, have been provided to 
| 


(в) The wheels, brakes, and other landing gear components are ге- 
designed to take the increased gross weights utilized in strike attack 
missions. 


(h) Ад emergency arresting hook is added. 
(1) Wherever necessary to accommodate the new loads; bombs, extra 


fuel, new equipment, etc., local structural revisions to maintain 
existing strength are made. 


(3) Space provisions are made Рог a gun camera and strike assess- 
ment cameras. 


_ (к) Wing leading edges are revised to include small fore and aft 
Blots to take the place of fences which are removed. 


(1) The engine is changed to the P & W JT3C-2h from the J57-P-23. 
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INTERNAL ARRANGEMENTS 


There are several possible arrangements of armament and 
fuel in the mid-fuselage bay. Тһе arrangement most favorable 
| for armament loading and performance in combat, is when two 
в1деу1пдегв, one bomb and two fuel tanks are carried internally. 
| This arrangement plus four wing stations, on which pylon mounted 
| weapons or fuel tanks may be carried, provides а total of seven 
| stations, This allows a maximum of flexibility for armament 
| loadings with а maximum of armament carried internally. The 
| characteristics of the airplane with this arrangement were shown 
in Convair Report ZP59-08002. 


| 

| The arrangement in this report favors the air patrol mission. 
| Fuel tanks in the fuselage replace the sidewinders which must, when 
| carried, utilize wing stations. Although the sidewinders occupy 

| wing stations that could be utilized for other armament, they 

| allow the carriage of maximum internal fuel, and their drag is 

| small, They cause a reduction in high speed of only M = .005 in 

| the supersonic region and a negligible reduction subsonically. 

| 
| 
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STATION LOADING CAPABILITIES 


The station loading capabilities chart (page 6) indicates 
іп a general way what kind of stores can be accomodated in 
F-102 Strike Attack aircraft from a weight and space standpoint. 
The specific provisions for stores will be negotiated to satisfy 
the requirements of individual customers. | 


| Stores vary widely in their dimensions, weight and drag. 

| For this reason the chart is not intended to be limiting or all 
| inclusive. 

| 

| 

| 


For example, the inboard wing stations аге ahead of some 
positions of the landing gear during gear retraction or extension 
and, therefore, some of the long streamlined weapons cannot be 
carried without interference. On the other hand, short 1,000 lb. 
general purpose types can be carried there. 
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ELECTRONICS | 

COMMDNICATIONS, NAVIGATION 
ARMAMENT CONTROL AND LANDING SUBSYSTEMS 

1. Radar System 1. Doppler Navigator 

2. Bomb Computer 2. AFCS = Pilot Assist 

3. Director Sight 3. Navigation Computer (PHI) 

+. Range Computer (sidewinder) 4. UBF Communications Transceiver 

5. Inertial Reference (stable table) 5. Automatic Direction Finder 

6. Air Data Computer 6. Tacan Navigation System 

7+ Armament Transmitter and Control 7. I.F.F./SIF Transponder 

6. Voice Recorder Provisions 8. Intercom Set 


(for reconnaissance only) 


RADAR: For this study of the supersonic strike attack aircraft a light- 
weight, campact, ell-purpose radar system was chosen. At least two such 
radars are available with the following functions: Ground mapping, air- 
to-ground ranging, air-to-air search and &autotracking, terrain avoidance, 
ала contour mapping. High resolution in the ground mapping mode 18 
attained by the use of monopulse reception techniques. Radar signals can 
readily be used as computer inputs for the purpose of armament control, 
bombing control and navigation. Performance obtained will vary with 
equipment selected. Typical ranges ere: Air-to-ground mapping 80-100 


miles, air-to-air search 18-25 miles and air-to-air auto-track 10-25 
miles. 


ORM 622-40 


| 
x 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
x WEAPON SYSTEM CAPABILITY 
| 
| 
| 
| 
x 
| 
| 
| 
| 
| 
| 
| 
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BOMBING SYSTEM: Using radar or visual attack a variety of bombing 
modes including toss, loft and over-the shoulder may be utilized. 
For long slant ranges (between 25,000 and 45,000 feet) a standard 
deviation of 16 mils referred to the slant range at pull-up (CEP of 
400 feet when launched at a slant range of 25,000 feet) is expected. 


NAVIGATION; “he expected positional accuracy of the doppler navigator 
16 one percent of the distance traveled. The known position of the 
aircraft can be up-dated during the flight by inserting new positional 
data into the computer from radar, TACAN or visual sighting of known 
points. When the aircraft is within line of sight of a TACAN ground 
Station the TACAN equipment has a position accuracy of а fraction of 

а mile, 


COMMUNICATION: Тһе UHF communications transmitter receiver has a line 
of sight range to another aircraft or to a ground station of 280 miles 
at 40,000 feet altitude. 


| 

| 

| 

| 

| 

| AIR-TO-AIR MISSILE: Sidewinder infrared missiles may be utilized 
| against enemy aircraft using either the optical or radar tracking 
x modes of the aircraft fire control system. 
| 

| 

| 

| 

| 
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In the following pages the performance of two configurat- 
1008 of the Е102 Strike Attack Aircraft are compared. Іп one 
configuration, the fuselage missile spaces are utilized to carry 
extra. fuel. In the other they are used to carry Sidewinder 
missiles. For this comparison the latest engine data avail- 
able was used. Ав was stated previously the drag of two 
sidewinders is a very small percentage of the total airplane 
drag. Ав a consequence, it makes little difference whether they 
are carried internally or externally on this size of aircraft. 
On a smaller airplane the effect of external weapon carriage 
could be appreciable. Also if air-to-air weapons other than 
BldewinderB were selected for installation, the effect of 

۱ hanging them externally might be noticeable. 


The net effect on mission radii or endurance of carrying 
the sidewinders externally in this study appears to be a gain. 
This is due to the fact that the loading conditions are better. 
That 18, with standard droppable aircraft tanks it is possible 
| to load the airplane to a gross weight more nearly approaching 
| the permissible maximum, 38400 lbs. 


Referring back to the weight summary page 11, it will be 
noted that for most of the loading conditions the maximum gross 
weight (38400 1b) is closely approached. In fact in the case of 
' the "Maximum Internal Bomb load" and the “Bombing Mission" the 
fuel load had to be limited. In one case this was done by not 
filling the tanks. In the other it was done by utilizing 230 gal. 
| rather than 450 gallon external tanke. 


| With the configuration deseribed in the original report 
2Р59-08002 where missiles were carried internally rather than 
extra fuel, it was not necessary to limit the fuel because there 
was insufficient fuel capacity to overload the airplane under 
most conditions. Оп the other hand the maximum Т.О. gross weight 
was not reached for many loading conditions because of lack of 
fuel capacity. Thus the mission radii or endurance were limited 
in some cases by fuel on board at take-off. 
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T 
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| PERFORMANCE SUMMARY 
| NO EXTERNAL STORES 
| 


1, Maximum rated engine thrust 


24 Take-off velght 
34 Vmax МВ power at 35,000 feet 
| Time to accelerate.0.9M to 1.5M 


Take-off distance over 50 foot obstacle - 
maximum thrust 


| 
6. Landing distance over 50 foot obstacle - 
| with drag chute deployed. 
| 


Ferry range 
8. Load factor at 25,500 lb. gross 


Е-102 


Sidewinders Carried 
Externally - Provides 


| 
| MISSION COMPARISON 
| 
| 
| 
| 


More Fuel 

Air Patrol Mission 

р 

| 
High-Low-High Strike 

Mission - 100 N. Mi. Run in 630 
High-Low-High Strike 

Mission е 50 N. Mi. Run in 155 
LoweLow-Low Strike 

ssion - 100 N. Мі. Run in 400 

Low-Low-Low Strike 

Mission - 50 N. Mi. Run in 418 
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Р and W JT 30-21 
Engine 


18,000 
38,309* 
1.5 = 


5.0 
5, 800% 


1,900 
Over 2,000* 
1.0 | 


% With 450 gal. tanks external. 


F102 


Sidewinders Carried 
Internally - 


Provides 


More Armament о 


(See curve page 
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345 


360 
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Е-102А STRIKE ATTACK AIRCRAFT 


High-Low-High Strike Mission 


100 Nautical Mile Run-in and Run-out 


8. Climb to optimum cruise alt. (elapsed time since Т. O, = 0.6 hr.). 


Cruise out at optimum alt., Ме 0.90. 


Descend to S. L. (No distance credit, no fuel used). 


5», 100 N. Mi, г run-in, (Ме 0.85) and drop tanks as indicated, combat (V 
Mil. power) and run-out (Ме 0.85) (elapsed time since T. 0. before 
combat = 1.3 hr.) 


Climb to optimum cruise alt. 


Cruise back, M = 0.90. 
Loiter for 15 min. at alt., М = 0.87. 


Descend to S. L. (No distance credit, no fuel used). 


loiter for 5 min. at 8. liv, M = 0,3. 


11,. Land with reserve of 5% initial fuel load (total mission time = 2,8 ћг.). 


50 Nautical Mile Run-in and Run-out 


The radius with а 50 N. Mi, run-in and out is 755 N. Mi., elapsed time from 
T. 0. to combat is 1,5 hr. and total mission time is 3,5 hr. 
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F-102A STRIKE ATTACK AIRCRAFT 


| Low-Low-Low Strike Mission 


100 Nautical Mile Run-in and Run-out 

1.| Warm-up, taxi, Т. O, and accelerate to cruise speed. 

2. Cruise out at S. L, and drop tanks as indicated, M = 0.45. 
34 Accelerate to Mach number с 0.75. 


k. 100 N. Mi. run-in (М = 0.75), drop tanks as indicated, and run out (М = 0.65). 
Elapsed time from T. О. to combat = 1.2 hour. 


54 Cruise back, М = 0.85. 
6. loiter for 15 minutes at 5. L., М = 0.3. 
74 Land with reserve of 5% initial fuel load (total mission time = 2,6 hour.) 


50 Nautical Mile - Run-in and Run-out 


The radius with a 50 N. Mi. run-in and out is 418 Б, Mi.; elapsed time from T. 0. 
to combat is 1.3 hr, and total mission time is 2,8 hr. | 
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| 
| 
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SECTION Il - PERFORMANCE BASIS 


Except for the effects of changes in basic engine thrust 
(7730-21 vs, J57~P-23) and the use of wing leading edge slots 
| in lieu of wing fences, the performance basis for the Strike Attack 
| aircraft is the same as currently used for the production 7-02۰ 
This basis has been substantiated by flight results obtained in the 
USAF Phase IV performance evaluation of the F-102A airplane. * Те 
agreement between predictions and flight test results is demonstrated 
in the plots of high speed and rate of climb versus altitude on page 
| 22 . (A comprehensive comparison between prediction and flight 24, 
| test ів given in reference |) 


| The only area of performance in which the prediction method 

used herein does not amply represent the capability of the final 

| production F-102A configuration (Case ХХ wing) is in the high 

| altitude regime where the flight data indicate а ceiling increase 

| of between 2,500 feet and 4,500 feet. ** A ceiling incréase of 

2,500 feet, over and above that calculated by the prediction method, 

has thereby been included in the performance quotes of the Strike 

Attack aircraft. (See page 23. #3 


| Drag Basis 


Drag polar curves for the basic Е-102А configuration, based 

! upon predictions ав noted above апа developed іп ге?егепсе i 3 

are shown on page 24 . Drag increments are shown on page 25 24 
for the several configuration changes incorporated into the 

Strike Attack aircraft. These are listed below. 


а. Removal of wing fences and addition of wing leading 
edge slots. (Drag change determined from flight tests 
| of the F-106A. ) | 
| b. Use of 450 gallon external tanks. (Since tank is similar 
| in shape to the 230 gallon tank tested оп the Е-102А the 
| s drag coefficient increment was increased Бу the frontal 
| area ratio of the tanks.) 


* Airplane with amd without two 230 gallon external fuel tanks 
(References 1, 2, and 3). 

** Basic prediction * method was developed originally for the Саве 
X wing. The performance improvement results from the change 
to the Case XX wing (change in wing camber from 6.34% semispan 

| to 15% semispan and change in design lift coefficient from 

| 0.166 %о 0.3). 


| 
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| 


c. Addition of external Sidewinder missiles (drag in- 
crement based on wind tunnel tests of a similar 
installation under wing of F-106A model.) 


Installed Thrust and Fuel Flow 


The basic thrust and fuel flow data of the JT3C-24 engine 
were obtained from P and W Spec, Т-1535, dated 6 January 1959. 
Installation losses were derived in the same manner as developed 
for the basic F-102A (J57-P-23 engine) in reference 6, Thrust 
and fuel flow data with installation losses taken into account 
are shown on pages 26 through 33. 
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"F-102A Phase IV Performance Test" January 1957. 


2, Addendum I to AFFTC Report AFFTC-TR-56-23, "F-102A Phase IV 
Performance Test with Two Standard Class II 230 gallon Pylon 
Tanks" July 1957. 


3. USAF Air Force Flight Test Center Report AFFIC-TC-TR-57-25, 
"F-102A Case XX Wing Phase IV Performance" November 1957. 


4, Convair Aerodynamics Memorandum A-8-249, "Analysis of F-102A 
Phase IV Performance Test Results", Revised July 1958. 


5, Convair Report ZA-8-012," Performance Data Report for the Е-102А 
Flight Handbook Appendix I", Revised October 1958. 


6. Convair Report ZJ-8-012, "Installed Thrust Available, Fuel Flow 
and Engine Air Inlet Performances of the F-102A and TF-102A 
airplane" May 1955. 


уран “Ша 


CI S Re 


port No 22585068 


AJ COO — SOREZZUT EA 
LF СПОРЕ FOLLY 


2 [NOLL PRI ОР NOLLNIG ORS ENI) | 
от YZ SEO LOM ЛУУ WD IH РНР d 
Wi X IHD Zc IT ЛГ ICH PIC). Ó 


(0 WOO امھ وھ‎ о 


РУЛИ ADR 


Date ¿June 1959 


Page 23 


Report Но ZP-8-063 


| 


al PY, sg ПЕРИС N 


LL wt i s ——щ—— = 
(игри E ICED мо PFLAG NL HOTT чад 


МОСТ 2402 $26 PMIT ООЖ ЖЕ bw 


(Эф МАСЛО ) 
ж” ХХ FORD BGS AVG DIN! SLATE 


ЗОРИ САО POLS LYS 
э 0 سر رج ےر‎ JBL УР геу 


1 ہے‎ и Ñ — 


| | 
| | >. x 
P" 


ni 
| 
; 
| 
5 
! 29 
k P 2 | ын | | d I 5 d MN 
| | ; 
E . | | il 27 
га 1 | | | | Ё 
\ | | | | а 
+ i р 4 1 
` : i 
| се РИЯ IER M PN: 20 Pr m ат ы] лк Rede А 
TI DN ЫТ СА ; 4 E | 27 


БЭР?” 


DOLLY ff 


ч 


= 


5389 
CONVAIR 
(San Diego) 


Se ee dm e 


45 
-Я то 


САП 


ЇЕ DET. d 
БЕН ыны 


> Кейккег g Езеси СО” 
= 1ОХ1О LO LHE СЫН 


угвуйкик رق‎ 


минет 


3201-1 


НН ай 
ҤЙ nu 
. . > 


5 аг Е ےہ‎ Н 
EEN Hn БО 


Re 


d А p -— T جوک یھ ا‎ reet Lc — 


11 


== 
یٹ رر‎ r. p r тие in rmm 
4 


TEEN ГТ 


ape 


г ан ود‎ ве ша MEME | | иг. 
ERE Ne Dum шатағы 22-2... 
ecc цаг зас تا‎ оо 
шиш штэ ац i са 3آ“‎ 06۷۳ 
کے ےتا جک‎ c 7 ЫН 
: pur 222 ٦ DB 
2.5 | p 


ms 


ug cu ша ша p TAREA =: со 
a کے‎ EN 


"lr |‏ || کے 
ка ШЕШЕН Eu шааж EL Bà AA uus du‏ 
HD панк завера inni m ЕРДЕН ЕАН ҮН dni Е‏ 
c хилээ И ЩЕ‏ ےت Е‏ 


wed HT ripe егет ЕТШІ 2 кА Ц КЕН Eia кентті Ақа жылты ew М с بھ جع‎ гей іші ہسےد‎ В — a 


| Page 25. 
Report Ко 2Р-8-063 
Date June 1959 


| 4426 SELE ATTACK AIECEALT 


uq, EEQUCTTCA ECE NING £EADING ELGE JOLT, 
ee M | 


NN 


Lie ие 


жас” MUM BEE 


: 24, КОЕ ГАО О GALLOW ےمج تآیزک‎ FUEL, TAMET 
Ж 1 есе Б. Базы Ч 7 ر‎ е TER IEEE =. == Ја сайн ieee г : 


ade‏ مت 


fa © ко а 2 727 
MACH MUMBER 


d, PCR THO ое ее ھ ریز تب پا‎ 2066. РУМА 


и 2 -- е РА «2 


MACH уе ж” 


ЗЭН 


нози хм SHT OT Of X OF 
OO язега £ л ччива 
® 2314310۸ 


Ам 


3 РЕШИ 


| i 


жанын 34 ЕНЕН 


= | ши 


-— + — 


اس سے سے 


1 
` 


T ханы i me a T" es Е = 
| шэг. ын E oO Ей цас саг TETE ШШШ d СЕН ний т л! ? 
: {ЕН ШИШ ын ШЫ : 

= EDI E E p DU m ШШШ: аг ПИ 7 

| | г _ 1. e 2 ШЕ 
p | e c c Е E porum - E 2. E 
21! Ши: Е d со ШИМ ИН Bp 

o шог 
“ ШИН ИЙН - du D 


ЫН а a цг - 
Hu 1 a | 
о | Pes m иг v 


Ї Іі л ae НЕ 
: 1 ! 2. Е: v n. ЯН a ЕЕ c | = | 


| па . 
D D | си d 2.0 


Е: | га | | пе НЕШЕ 
|| хэв 
E ہت‎ 
12. - ыг o 18 


c 
Hu ЕЕ Е zu ДЕНІНЕ НЕН НЕН АНА EEE 
i: . 
КЕННЕН НЫҢ ав | иь UE E Ч га 
ml o (c mo pus 
шин ЫНЫН БЫНЫ. ын we ЫН ШИН 2 | | He — 
| Вай үш |. Е 1. Em d rudis i | 
ша нааш _ йн шигээ 
| ЩЕ: pu 0 و‎ БЕНЕН: | s 
гэ Е НЫ па 5: - . D c = A ue D _ 
Е о . id - Е 11 
эв | | m | =: | аг и 
зоос - 
— = - 
Le - - В ёс | 
Eu ВВ 
P ын Tun s: п _ — x HHL 
Үй ин Е шиг 
— _ НЫ — یم‎ — us x 


UTE 


Яв кш 


НИЙНЦЙН 
ын 


Пеи 


пази 
Pig tpl 
каази 


с 


ЕН 
RARER 
жана 


ا 
E š: —‏ 


ын a 17 
2 2 : мик 
E кре Quo ЕРІТЕ 
тіс مت‎ 
Rages URERA LI 
uds 
ипак ягии а тизи 


SRRRSERKREREENN 


85305 580022595402 


Е 


май m 
ва tat) 


eer. = 
— ЕР سو‎ 
o ERE 
р Hi 


дави! 
яв 


ший 


АШ 


w" 
A КЕҢ 
Ч. 1 


Si = 
TEEL 
са 


ЕЕ 


= 
шавы 


НЬ 
Hd 
вини 


EIU 
11177 


71135 13 
x - RE. 
* y SER. 


Ара 
DW 
ا عو او یر‎ 
пт: яі 

= 


i ا‎ 
e | - u (n e ‚| D _ Е 
1 Ци M E] i in ыг 


oe 


BRED eT 


зязчиая ЗЭН 


„ај яза 


нози WAHT OT Of X Oi 
ва в 
@ ЗИЗИАВЈА 


arr-Teag 
«А.Е Ni завн 


1 


ERES 


Ес 
| 


и x WERERRESRETEERRRRSENS 
ИЙНИЙИ НЫ 


RE LLLLLL! 
0 
i 


шимж EN MEN Dt 


SUE узса а ъс аа АЯ а каки кая 


ےت سی ае‏ 


+: ^ 


BEERREEERS petted ا ا‎ | 11117) 1('' ka Lii 
га 1 = 
шш 
ви. 

в 
Li 
a 


tetas киял сик‏ نے گا 


нинини 


ши 


кишик киини 


и 


: 


и 
- 


пази 


CERT 


BENER 
Наз 


c 


۶ 
kumi 


d 


m 


E ЕЕ: ЕЕЕ Е 
а 


Е 


rer 


тэх 


Eurus 


А 
2 
_ 
НИ 
zd 
E 


ВАН 


Г] 
и 
4 


oan 


ща 
ME 
я 


Pritts 
| 133, нэ 


ий» 


A 
р 
ig 
а 
РАН 


ШИН цавь 
ВЕ = idi . Bn B ши Е. Шиш. НЕ 


иними” уши 
в; 
һы; F. “8129. 


терегі “o 5 8-063, 
сай. дын YER 
HUE F 


НЕ чан а 


үн zi 


ne ШЕ В |: 
ا‎ а 
а ИЙН | mU š: 
_ М шав - БЕ | 
Ё - ЕН — НЕ a — — uS 
ши ЕЕ _ - Ё _ E E uon ee нэ 
и — | ee zr В ЦИНЬ E Е 2 
ШИН Е 52 P тас "um 
ДЭЙ ЫГ шан uu Шан ЕН ша оо 
1. - цав ас 2 t Ш ТН | ا‎ p DUET 
B p cut | Е ин — | c4 | |: 
шаг Шилэн E НЕЕ E 
mu | E ын и ШШШ цэ ШИ 
| ШЫЦЫ шиг pc 


| 
шиг | ын 
00008 — HN pe ВЕ D = | 
E НЕНІҢ 
ےت‎ 
НЫ ЕН ший НЫ 
2. т _ a c ae s | 
j: — a шин по E _ Е 
- | E Ши Ше: ги H ШИНИ 
d 4 ____ | го їе s 
_ a ЫН НЫ ЖЕНІНДЕ Ши 8 4. d ШЫНЫ НЕ š: 
ST - a s d ши 
- | = E a 7ت‎ ши 11 - 5; ээ E 
| Жонс 
_ | _ Ши о 
ооо 
о аа | p ЕЕ 
о 
| БЕНЕН E- Ё ШИНИ ШИН : 112 SEIS Ти pns ss: i 
| г үш: НЕ eae Е: ER ЕТІ НЕ ا ےم‎ E: | Ё 
ШШ E Hie оо 2 ыг ae y Hs аз ЫН — и ЫН | 
ura mE | EE ЖЕНЕ ЕЕЕ RRE EE КЕНЕ Е Е š 
| 4. - 
: * تہ‎ RE Е шон P нэ E гэ - | 
_ | НЫ 


š: i : | ЧЕН 


تہ 


СЫ ТЕБЕН шиш 


гдин Чинхии ин 
mist "чэйи 


Шин 


| 
| 
| 


| D D 


Е: | 
Л ا‎ — са: DE Е UE - 
цац га E PRESS 


im po тэ” тте ЕЕ " ٹوو‎ RE und БИН 


E 


ENRE 


ARERI ELEIU | AM 


۸ جم 3۱13 )6 


HOMI SY SHT OT Ot X O? 
O23 


е! т-теав 
سے‎ па зали 


ШЕШЕН Л ДЭ киши Hu E EE 
ШШ 1. Ё = | h а ~ i | 


CHE n ien ln 


_ 


LE Ч o 


г ШУ, — ГІ i нэ св па ا‎ : 


: | 


ЕЕ Em | ارت‎ HET Wu 
ИЕ Ein "i a Hae 


a 
оо — — P — | 
| — -. 


шан ا‎ Е 


| E = en - ПЕЕ ыг — Е 22. 
ЧЕН 5 ы НЕН НЕ JE БЕН ВОН cee EUH 
(cs pue 
_ ги — — - НЕ ЕГЕ ae | Е l: КЕ | ae ЫН Е _ 
2 | 5254 | 


m пици | ШП 
| 
_ | — | оо - - ёс шиш! БЭ ши ЕНЕ ШШ, 
ыт ог 
га: ЫН ЕЕ ВЕ НЕЕ E ыг FE THI Hs p ECCE БЕН : H _ 


оо | | | | | 2. ДЕНЕ ын ae و‎ 


— сонин 


fe ын Ё "E ээ F if Ва НАН u‏ — _ <— ہے 
eu — | ЕН cem || Е‏ 
ЈЕ Pu _ -‏ | 


لپ لئ 


وو و 


ЕН anna На 


D 1! ч ےت‎ 
š =. вэ | - b НЕ | ہے‎ De = Е 
ЕЕ ЫН : шон ا‎ НЬ ЕДЕН ВВ Н - | _ | Es ВЕ 2. ЫН 
цэв танан ын 
- ШЫНЫН EHI ШШ EEM fn | | 1 | Е m |. ЕЕ — 
E: e EH ET VET ВИ ЫН d ЕН 1 | НЫН НЫ мэ M ШШ 
E E š: | | Е um p D ЕЕ ЕН 
БІ ا‎ | 

"o لے‎ ae ___ оо | TES 12 E | 
s: вэ ЕНЕ НЕН و‎ ШОШ ЫН UNIES БН 
аа 2 ШЕ БЕ Ч ШИН HE He | | pun in ЫН Ё HB = 


ашин Висенте 


vas SA 


„аз яхгез в 2314 


HSH A SHT OT O! X Or 
OD зизнлазл 


ott-Te2ag 
А.Е. И! захи 


Report ; fio 28-8-063 


HEH ee do Lu e ИИН eee Gee ЕН НЕЕ ОДЕ mi 7 ЕЕЕ 
пай — کہ‎ | 
ЯВЦЫН = ہ.-‎ 
па - г i. o Е ИН 
НЫН سے‎ Е = 


- - 
— ЫН 2 |: Ж D | | ЕЕ o | ЫГ Е 
ВЕНЫ Е == БЕЗІНДЕ Е: ЕЕ | E БЕН! | _ 
ЕБЕ EE اد‎ ЕЕ Шы ШЫ Ш ШЕШЕ | b 
x 


Wc аз ыг. шанаа‏ لے 
ЫГ‏ .22 
I.‏ | — 


: [Яй Налы 
۱٢٢ ٤و دا یئ و‎ 
s ЕН 


ӘННЕН 
25ء‎ 


БЕНЕН E си Hu ШЫН. НИВИЙН НО: 
го Рт ЕЕ 
ЕЕ ЦИНЬ = Е а Е | : Ё | 


- (7 H 
__ зэ ши Eu _ 
- || _ Е 


| Е 1 p i 7 < Hune Er ! ЇЕ T 1 Ес - | = 
шиш | - c Шинь (C i 77 `. 
В | — на МЕ ЭН РЕНЕ s НЫ کت ےت‎ 

шившин : E NE s = НИ = ёс 

ВЕ ша Е нэ Е D Е - | ша 

Е mE || : шин | ЕЕ ша 

x ПИ шини p "٦ їг ce | нэ Л | 

БИЙ | em ни Е: em n | ши ЕЕ нээ ا‎ Meaians din: 


В D 11. DIUI шинэ шинэ 
шиш | mm ЕЕЕ 
- шог 

ы. 

E 
сн ын . p ши 
: -| IRI Е E شض‎ ~ _ UE 2. s: 


ЫН - c - کے‎ 

ЕЕ па Да 
کے‎ 

Л ЭНХ НЫЧЫ | او‎ 
ЕКЕНІ га а аг E li 

НЕ: iur mc 

iii ! Ї 2 LU ра Е: 
i НЕ 0 НЬ d i tuum 0 по Н ШЕН. TH: SHE ud ШИН ЫН 


WRXRENRNNSWERETRREE 
ВЕРА ЕН 


БЕНИН 


DEBET 


EREEWNERWEMENENNEERNEEERREB 
в ихипипиженим 
ж. 
HH ж wm 
кини іш чин к 
ЕП x 
= = чинээ ип 
1.4.1.1.1:1111 ж 
٣٤ 
и па имика 


EXENEZRERBARZERZEEARRMESESTPA 
SERRE ESE CS PEP ES ЕТЕ ТЕТО ١ؤ ڑ وا‎ ee 


| 


гіт ТТІТЕІТІТІТІТІЕТІІ 
вјере ШЕШЕН и 
ДЕНА Mas ША لی‎ Рачи 


ШИЕКЖКИЕШИТ ИИИ 


8ھ 
КЕЕН‏ 
Hb‏ 


ии 
ү. ШШШ | ЕЕ Ва 
E: کت‎ 
E ЫН i ШШ: 
Е ЩЕ {ш ШЕ Е Es: ШШШ ЧИ ЕЕ i 1 E 
а ИН pi ru БЫШ: НЫ НЬ ic БЫН: НЕ 


3 


HAA м акт OT Ot X Ot 
ш јели -03 "ER ғ رت 55ل‎ 
Ф دع مر درد‎ i 


orr-To2g 
Жалга 


не ээ Да: 
Ч НН | ШЕ 
| - 
ШИНЕ НИНИ НҮН 


d we 4: ый ts 1111 ka 1 пичи рерни реа 4 1 + ++ 
1.44 E на "2" a ri r ӘКЕ 
ч 3 ЕЗ edt [13 pel ee ir 41113 Ь кеі % ryt al: } 15: 

3^ (44144 ++ + + 4 mi „4 |“ + 

[4 
БЕН 1 a | М x 1 
5 Р d WERE : А Д. Ч Р 
! P: ws pii Вей ҮЗ ü 2 £ جات للا‎ ЕН 


ИА D o 
WEE ела owen ЕН 


138 г. 2. ДЕЕ 
1 ШШ КДА 
pud | | 
нээ | ШҮ. B 
1 ЕЕ d ME "۵ 
| | и ЕЕ: |. TE INI 
| | H | 


ШШ 


гэ Е : | эв | 


ue کت ےت‎ 
г ур 
2) га 


ЇН i _ 


ШЕННЕН ы 


r палата ПУТУ : ست‎ — 
НРІНБЕРЕрЕы ашалы алашы 
2 Б Ё. л + و‎ И 2А a = ہہ‎ ~ $. 3. LE ИЦ 3 Š 
ہک‎ вава е ка i: I ے سوب‎ Ылай t 
Piet E 3-4 ہک رت‎ FET "II Fic ema rare Bar} 3 x T 
тла ERR BE. “жеч 44 
Біссітесі TENNA ааа: بج‎ 714 Ї + 
Енен ib ERI тирен „Гаў ЧИ Бані u KITE il 
sus the | + 71917444: proe pem МӨЗ қан TA T 
= + RH pej | == ہے ےا ہے ہوسا‎ па ۷ص‎ ++ ма ы irm 
ЕГІСТЕРІ инини Баб сал ғә зімі при азда Бс 342 ad, 
* 47:3 Ij три о bee fH i 
тізі - Pe 4--14 
چغ < سے‎ bom - = w = фа c 
Ж Ep = x ! sà 
КЕ НЕ те 5-- 
1 — - - 
л ~ -- Е 54-44 -444--ы- 
> - دید مگ‎ € Foead یتاپ سو‎ RARI 
т Li ro un ف‎ по ITE В 4 = 
t جوا‎ на 2420-41-44 C р 


E 


5 
8: LI чан е 
er 
ГЕНЫ 
m 
dose зі 
TIE 


на 


- 


БИЙ 


Дора EE 
ё = 
OCURRE CERE 
RI hU Wa 
zi 
і 
IEEE 
уже јула 


и 
E 
Tt hd 
ч ñ 
y : 
۶ 
a: zÜ 
T 
m 1 
ч 
ең m 
n 
(44 
HA 
қ 4 
эь 
+ 
наан bah. 
45341313 
» LR 
M ip тИ 
=m 
М + 
++ + 


i». 


HESS 


к ҮЕ: ui + 
реве BE Ан ЕШ НН БЕ 
su 
ied 


ЕНЕНЕ 


21 евр 
8٤ 


m uem جم پل‎ 
+ о + 
ab. = 4 ын 
+ of T 
= 
нэ 
=> > 
AES 


ЕТІЛ 
ил 
RW 
PETI 
ттт 
= 


йт гөз Е гі 
ЕЈ 11321 > 
r i ЕЖ +1: т т 
ГГ] 13413 айы ==> 
ырғасы Кедей данк р чал. ms зи 22214 
аралы {+ ЄЧ. d Yd 
= z at tad 
war У b BEP سے‎ 
Li о 
P 
= 
Bux 
њечви 
реа 


шин 


{ 81ھ 
шир Ж‏ 
t‏ | 


БЕБЕ 
7 
БЕ 


Hum 
HERE 


u 
THER 


bre 
НЕ ви ш: БЕНЕН 


сон T Ын HE ЁС ИШЕН 
АН ыг Е | ээ 


Нэн 
Sasna 
š 


B 


- 


Чем 


HOH! ہے‎ ART OT Ot X O: 
„аз ASERS е хал 


@ awana 


ЈА 


огг-теге 
Р И ПАР 


= 


повел = жа: ES: ЫН Г ж г 
Б + ада би Заара жамын سیت طس گے‎ В 
1 В ыны бале тата? if 
прасе ка 24 Бал! 
£ m M x 7 
~“ Өрт + ручни — ~ ТҮ +: 
( 2 ta = ке тәй 4 ++ УЧТУ +: Li I. 
in цэн Баг! + | === три i 
ПРЕ 4 57 raza: СЕ I9 #3 тата 
4 ged ДА — " ч = ” - А 
+ ма. km # е hanni ہیا‎ феа پیا‎ ESIE Str 
rt + - 4 + -Y€ سو‎ м-т T5 yt- ج‎ 
3 + ~ Аж ~ + 4 | ç ең pes T3 
ээр 3-4 - ~ - DH ay سا‎ pee + y—— 
== 471 я «аралға кс 
i 44 Neben has او جا جا پر‎ уд. 
oa 581 ۔.‎ pe يبا‎ Бе ыйба каз 
-. юэ ttie 0 оба Балан + کے ؟‎ 


наанаа 


4 


Ез 
МЕ 
se 
L.J) 
Hi 
0 
НЕК 
ыш ' 


Атени [+ Теги бе та прага и 

„РЕ ЗЕ". 1 Lig Н Ж i 
+ | мее реј ғ a еј d ni 0 

4% "m E PI n. اکر‎ А 77. 7 
P. а тə па: и ын 8 x +: £ Dd ie. не 22 4 - № 
+ Ч. т. (28484) .اي‎ 

4 1 + be Я н й 

+ 1 n 4 р eode p БЫ ul "uon 
Ч (113444 ља РЕА. 

p 1 2832 н j| 

" 83 up! 

Жый А 7 => 


ЕЕ 1 БЕ 
ШП 


Bs EHE 
Ё | [^ 


F1 д + өзе 
Dé bere tra me bebe). 
га! ғы: „+ ~ B 
«аж 9 4 
++ ہے‎ +. Ч 
К LI > 5 Е 
' 4. к 1+ ' 4 
FEE ЕЯ Ї A 
kin س‎ ia ен N 
Mes - 4 H 
| {+++ ` 4 + 
> + Р 
| brid +. - а: 
ET : ИН 


i m ЕЕ ЕШ 
m I: 


Pa 
Report E 25. 5-06 


ТЕН ШОШ 
шт ШОН 


- Ч 2 à 


a 
м акули ESER trt 
ия чизчижэн 


MS in ЕНТ 
, P EHE, : | 


Ë | фа іы ГРЕДЕ + iE 
54015141: 5 ЕБ T ۹ 
1-323 | 44-13 ^ у pb f Па 
4441151441 ++ , +. [| 144 
=, Fut tli d 144 4 
2 š : ۹ 
ts p EE bef | 4 e + 
4 * М 
i kin lı oan: ہج‎ + augu 
- 7 idque EN 
“рл Б 2 , E E 9 О ч 
A n" des. гаа ји аған 
|. 0 ӘНІН ІН ГИ { : Үр : 
ЈЕ 5. 52 „Ў. , ҮР 1 
^ АР. ы 
= P я rt (3-311:211-:1Э үнэгүй 
TIT E Не қ Шин * FERE = 
«| age Ч > 
SERE ЧЭ L Яз. тиз А у = ЯГ Е. Е 
em p pe 8 an sane 2%% a и 
E mu Ч || FEES tert Lit 
`+ Ерна h. s М 4 + 
ЫН Раја Ше ЭСИЙН 
ГОЛД: 
tit 


a 
ж 


-pè ғ Н dem аа 
: (13222 + pod как: t^ 2$ ' ۶ 
++. | 7 НЫ 
t Saeed fos FF | “Н 
ЧИГЛЭН HE i ttt; TEH в 
ч 2 1.. 5 
i | 1. d و‎ Гэ) 
ті ње 
E ih 
2 
++ 
А - ++ Н НЭЭ 32 ч Біз) 
= кен 


БИ 

шин HEM ! il LE — 
x PIED —Ç ЫН d ши 

| i оо _ «A 


ЧЕ ШШЕ: : їр ee 
in Г : — s Qc - | аг | и : : 


PEE ER: 
ЕНЕ 


|. 
s |. — 


| |. 
Е ا ا‎ i ШИНИЙН Миг НІШ ЕНЕ 
ا | - ا‎ | Boc ا‎ 0 AE 
ЕҢ ا‎ EE хав 2. Е 2. ШИН 
HEE L Hir ЖИН ШИН НЕЕ Е: ERE НИЙ 
pu 

шиш ШЫ een ШИН 
a Е | | EHE Ни НЕ ЊЕ Е 
| | с m ШИНИН HE: НЕ ШИН p 


ШИНИ 


is HERI HAME ДЕ Е S 1 ЕН ЫН: 
a | 
i: СЕЕ ШИН E — шиг 
| ЇЕ Qu ie йн! ЕЕ ТҮ | -- ЫН 
e 
2... | 
ЕТЕНЕ ИЙН RR SALES p Vue ПЕН 
НИ BE =: HHA 1614 Ww ЕЕ ч mp: НИЙ E HHE ЫН 


гэсс 
pum 


7 3 
ТІНІН 
Ki 


те. 
ا‎ 


rA 


ESSEN 
= 


25 b 


вара 


Report тее 42 P-8-063, | 


те" С ШЕШЕН 7 | 


иг و‎ RH Du 


ЯНЬ 
H ۶ виж Ч 


ы 


Бук" : a2 нь 
ил 4 Weed sends = 
== ru per ЕР = 2 
A кәде жеке Aqui 
ЕН 5» B- Б; x d 
` та Ж ды үз" جب‎ шы + 
۸ ОКИ EREBE did hi " А 
+ зе РЕЧЕ ана, рид г нн 
2 و کے ان‎ i Ч 
м 8 сн Pob з w. 
te un ЫН نکا گا کا‎ 2 » 
5 a 
= 
۴ в 
вз Г 
в 
а 
(13:11 8 
8 
ж и 


НИЕ 
4 бі На rt 

| += 
НИ? z 
ЗД 
ы 
Es: 
ь 


ЕЛЕНДІ i Е - | | 
8 "n s : ii ИШДЕН Ч ЕТЕ 
х ШЕНІНЕ Sine 6ت‎ 
s: Hur IE Pal cr шинэ 
+ v EID 
о Eie з 
3 шан Ё Е НЫ оо 
чаі pu . 
1 ШЭШ ٦ | ШШЕ | = DoF ЗЭЭ лт 
: Це ши БЕ ав ЕНТ EMI NANI 
o | цэ Е (C RET АНЫ НЕ 
Aa оо E || зо. _ 
Hulu ٤ THERE 
Па Е шаг: a | a | Е 


а 


шинээ | : 
шан = г. D 2 | 


HHHH! 


ЕН: 
EE 


LL LLL 


ша То p 
C | - эв š: ЫН _ DI 
m 


ces 


۳ کا کا‎ BOS BSE аке ۰ 
Ба 11111111 3) 
== 
EES BOSE: ин кашан 
یب‎ Бате катип FENER 
با کے‎ 


пени 
оо 
duum 

HS 


E ЇЇ Б HE inni qu 


š . нэ | | D — | 0 
| HEE 
PE | 


| 


bet PH 


яах و‎ 

тту o] 
илиини ий 
НЕЗ 


RT 
Hi ЫН FEEFEE EVENT 
НЬ 
EHE 


Е - DE | - e ee E 
ШОН га: ju 
. аз 


ЈЕ 
гаг i 
| | ow 


Е ШИНЭ 
| ЕНЕВ 8 ЧИН оо ТОЛОО 
2. . 1. | | 


Ч 


لک کر کا2 از( کا 


indes ВЕЩИ ЫН ПЕЕ | 


ЕН 
s: 


š: 


ШІ 


H плави кани 


кала Лана фекерен 


اپ 2 


К ЕРГЕ" PES. mer: 
ДАН pu 


E ын! о ЧИНИЙ 
шин: ا‎ БИНЕН 


EHE 
ша га. 


| 


нь На HUE 


ФА p +a OLLIE TE POLLEY 
STE л L въз 
Ра re ИМЧЕ М НЕРВ KERR АЈА ЊЕ 
= + ғ 
4444424. 
BE rüber 5 


ae 

каки 
љан нь. 

LI Ii 

я 

нэ 

аз 

"š 

за 


ЕНЕВ рделі из ما ان‎ m pete re p t m сава sal өзум ы ч | | | [1 Û 


| TENERENT 
2 эн. 


сэл = жоқ چہت‎ сылық 


ros 


uui cao асыуы 
«со ATERS с SITUS 
Ф ЗИЗИААЗА 


Әгі-теге 
e iu wean 


RESEN ELAS 
ینب‎ EEE 


sie 


— 
- БЕНЕН: 


FEE Р! 


ЕН | - 
HEU : 


ات 


ана 


wawa 


nnn Be‏ تا 
ЫН‏ 


E 


Е 


8 


ЕНЕВ = 
ЭН 


ка 
жаз 


nne 
НЕ 


изцининицицишнтни 
тия T وس لاٹ تل بت تب‎ 
NE "| и. 


I = 
әкеден Im 


8 
3 р 4 


АНН RE 
SI eas 
Преки 


БЕН 


рунан 
— 


в. 
ни $ 

[E Е 
nig 


m 


E 


1512 HEEE 
EUM 

заека 
пания 


жағал 
REDE 


En 


ШИН = 
кинни 


Е 


rn 


и Е 
EEE FEE 
ЫН 
їг 
EE 
ИЙН 


nuu 


вит 
GE i= 
: раја 
i 


Eu 
HH 


= 
трі 


- 


سال سنج 
й ЗЕ НН‏ 


Наз 
БЫШЫ 


ЕЕЕ 
ан НЕ 


2 
c 


ras 


H HU 


pu. 
n: 


- 
НЕНЕЙЕН 


ГЕ 


s 


mess 


| 


+ age 
аә 3: 
тұз ав 7 
= _ r 
| ытта - 
يج‎ tla] 
rales = 
Lt 


н 
ыы 


БЕ 


Ч нв нээ 


в | Е 


аг. 


5 

š ; 

' 
K : | Ë 
ہل‎ uu 
id š Ë 


E: 5چت‎ =: 3 
wad = 


Ф. 
п 
Вик 
и: 
ий 
سلپ پت‎ НЬ 
тен 
Нит ЧН Е 
Нн 11252 : 
я Ғғ” "жете 2 B Ч 
: 5 ++ سج‎ ни جس‎ 
3 Atty ын 
: Н 221 T1 | 
redi 
рза; 


+ 
баланд жатқа 
ШОН ЯВ 


Ч 
| 


ШЕН 


Poe p | т 
Т. 


ИН 


Page 33 
и 7 7 


БН 


ен ہس‎ 
E | 
НЕА М 
кн | 
i | 
нае š 
ЕНЕВ 
А : 
= 
1 
РЕН 
+ 
пи 


па ЕЗ š 


ES 


EE 


2 : 
3 —F— | . Е 
++ йн 4 «= = | 
- Im қайт bina جج‎ = ~ Mri : TIR 
xd 2.2 : | | 
ےش‎ НЕ 
а n = : 
LE I " НЕ А 4.1 = : : | 
an 
Т: 
à x 
ма за 


pitts mtr p- 
е 
и E цав па mn 
mamen Ё 


E H 


ДЕ 
виђа ЕНЕН 
HI Е 


ЯНЬ 


ЗЕН E 
| ин 


ЙГ c 


D НІНЕН 


_ D | | | 


ын 


| 


о C O N V ALR | pace 34 
РНЕР, RED BY 1810N مغ صاع ےم‎ 0ОУМАМАСВ CORPOR ТТІ REPORT NO. 228-063 
СНЕСКЕО ВУ SAN DIEGO MODEL 


| 
| 
i 
| 


REVISED BY DATE June 1959 


(d ELASSIFIED 


SECTION III - FATIGUE LIFE 


This section of the report is devoted to а brief estimate 
Of the fatigue life of the F-102 in the strike attack role. It 
was. requested that an estimate of the F-102 fatigue life in per- 
| forming strike attack missions be made. It was further requested 
| that particular emphasis be placed upon gust loads between M = .8 
| and .9. 


| | Using the missions of Convair Report No. ZP59-08002, F-102 | 
Strike Attack Aircraft, equally distributed, together with actual | 
gust frequency determinations, as outlined in Convair Memo Report. 

DA-PD-108, (enclosed as an appendix) and with arbitrary maneuver 

loads, also therein outlined, a leading spectrum for these par- 

ticular missions was obtained. 


| А critical ‘structural member (a wing враг) on which fatigue 
| tests had been run, thus affording a good estimate of fatigue 
strength, was selected. 


The above load spectrum when applied to this member by two 
analytical methods yielded over 2,000 hours in each case. 


| It is, therefore, believed that the F-102 Strike Attack | 
aircraft will have а fetigue life of over 2,000 hours when рег- 
forming these particular strike attack missions. 
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APPENDIX Ш 


Зам мо 


DA«PD-108 25 Мау 1959 
. 4 
Tithe: ESTIMATED NORMAL AND LATERAL FATIGUE БРЕСТНОМВ FOR 


F-lOR STRIKU ATTACK AIRCRAFT 


| References: (3) š 7р-59-08002 , | чү.102 Strike Attack AÁroréft," 
ЕТЕ dated Мау 1959. 


(8). МАСА TH 4332, "Ап Ауџуовоћ to the Problem of Estimating 
Severe and Бен Gust 10848 fer Missile Operations,” dated 
Бери ет 1959. 


(3). 14-8-362, "Elasticized Stability вой Control Aerodynamic 
Coefficients for ۸۔7‎ Large Tail Afrereft," dated 13 August 1956. 


Subjeat SUNDAY : 


| Figures 1 and 2 herein present rational estimates of normal алд 

lateral fatigue spectrum for the Ғ-102 airplane performing the stiri 

attack tid esions specified in reference (1). (Structures Group has reportedly 
гндллахаа (j ура) that when the structure of the Г-102А ; 
is ratio 9817164 to account for the increased gross weight configurations 
specified in Reference (1), the airplane will have structural integrity 

fey appreximetely 2000 hours of flight associated with the spectrume presented 
За Figues 1 and 24 


 Digoussion: 


The fetigue spectrums presented in Figures 1 and 2 herein ате based 
за tie following major assumptions: 


(a). Airplane will fly equal number of each type "strike-mission" 
specified on pages 13 and 14 of Reference (1). | 


(b), Airplane will average two tak-off's алд landings yer '' +ودا ایخ‎ 
mission". (1.6., fifty percent of take-offs and landings 
will net be associated with basic “strike-miasions”. ) 


(8). Airplane will acquire the cumulative gust history presented 
in Figure 6 of Reference (2) із both the normal and lateral 
| directions during ite flight in exch of the assumed “Mach 
mamber-altituje" segments ef 158 mission profiles. 


(A). مدمتوطاۂ‎ will perferm (4) three mansuvers to one-half limit 


ваза per mission апа (it) ona limit design mansuver yer 
1000 hours of flight. 
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Discussion (Cont'd): 


(e). Airplane fatigue spectrum per 1000 hours of flight vill be 

5 of the gust spectrum obtained frum assumptions 
(a) and (с) combined vith а maneuver spectrum based on 
ascunptions (a) and (0). ‘The maneuver spectrum will be 
developed by a “gust-application" distribution of the 
пегфитета up to one-half limit design with a linear 
extrapolation to the single application of limit design 
nmansuver. Іп addition, the airplane vill ехрехјецсе the 
E and laniings resulting from assumptions (а) 
ард (b). 


The follewing procedural outline vas used to obtain the estimated 
fatigue spectrums presented in Figures 1 and 2 іл accordance with the 
же јот assumptions spscified above: 


| (I.) 1404494 each of the "strike-ettaeck" mission profiles 
specified on pages 13 and 14 of reference (1) into Mach number (М)- 
altitude (h) segments correspond to М 5.6 and M = „65 at each of 
the following 214191908: h > 0-92, 20, 35, and 45 thousand feet. 


(II.) Tabulated nautical miles travelled and tine spent іп 
each segmént established in (I) ал! ratioed total mm of segments 
| to obtain segnent subtotals of mileage per 1000 hours of flight. 


(ITX.) Calculated the incremental normal load factor anû vertical 
tail load por unit derived gust velocity for each of the segnents 
established in ын These slopes wore ostablished اع‎ using а 


| (17.) Using the mileage flown іп each segment as determined 

| in (II) вой tbe cumulative frequency per mile specified іп Figure 6 

| €f Reference (1), determined tha mmber of occurrences, in each segment, 
of derived gust velocity in multiples of tan up to sixty feet par 
neooni. Established associated load levels by using the slopes 
determined in (ITI). 


(V). Compiled the number of occurrences determined in (IV) 
into amll intervals of 1084 level and obtained ап accumulative tetal 
о? lead level чё обет of applications. It was asmmed that each 
| anceunter with a given level о? derived mist velocity would produce 
| tures peaks with а geemetrical decay. (Based on minimum structural 
damping available in the subsenic regime). 
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(VI.) Eetimeted number of applications of one-half limit design 
moeuver per 1000 heure of flight by using the time total sum of 
sessents ebtained in (II.), and assumption (4). 


(Ү11,) Constructed fatigue spectrums presented in Figures 1 an 
2 пера 6 frem (V.) and (VI.) in accor with assumptions (4. ) 
and (е,). 


Figure 1 presents an estimated normal fatigue spectrum in tems of 
amber of applications, реу 1000 houra oe ен of а given level of їл» 
exenantal Limtt лото) load factor ( An, „ Total Nermal Force _ 1), 

това Wa 


830609 the normal fatigue spectrum is predeminantly established by the 
ішезлей mansuvers, it must be designated by two curves which reflect the 
difference in magnitude of the positive (n, = 7.0) and negative (n, = 43.0) 
fesian levels. 


Figure 2 présents ап estimated lateral fatigue spectrum іп terms of 
humber of epplications, per 1000 hours of flight, of a given level of 
vertical tail 1084 (+ ал ~ pounds), Опа curve is sufficient to 
designate the вресбушп since the post ani пера үе lateral design levels 
aye opal. The difference іл basio shape between the lateral and normai 
fatigue spectrums is attributable to the fact that the design maneuver 
leads for the vertical tail are much maller than the design gust loads, 
(Seo assumption (d) and preceding pamegreph.). 
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INTRODUCTION 


This preliminary study was made by Air Force request to install 
two GAR-X missiles іп Ше Ғ-106А and Е-106В airplanes in place of 
one МВ-1 rocket and four Falcon missiles. 


Three possible GAR-X missile configurations have been proposed 
by Hughes Aircraft Company: 


1. 133.50" long ~ 625 lbs. (Reference HAC Drawing SP 30865) 
2, 113.90" long - 607 108. (Reference HAC Drawing SP 30876) 
3. 113.90" long - 563 lbs. (Reference HAC Drawing SP 30875) 


It is assumed that ultimately only one of the above configurations 
will be produced; hence, no provisions for interchangeability have been 
considered. 


The anticipated operational date of the GAR-X is mid 1959 which 
would be compatible with the F-106A and F-106B production schedules. 
It would be feasible to incorporate the required changes on a retrofit 
basis for those airplanes that might not be picked up on the production 
line. 


This study assumes that the weapons will be displaced by an 
ejection system (one at a time for a "two-pass" capability). Convair 
has had success with a similar system for ejection of the MB-1 rocket 
in tests conducted at Holloman Air Development Center. These tests 
have shown excellent ejection trajectories at speeds up to Mach 1.10 
and altitudes up to 40, 000 feet. If certain limitations on the weapon 
preclude the use of an ejection system, then further studies will be 
required to develop a method for displacing the weapon. 


Similarity of the F-106A and F-106B airplanes eliminates the 
necessity of separate studles, hence, the changes for both airplanes 
are included in this report. 


All provisions for Ше MB-1 rocket and four Falcon missiles will 
be removed from the airplanes. 
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SUMMARY 


Conversion of the F-106A and F-106B airplanes to carry two GAR-X 
weapons can be accomplished with varying degrees of complexity depending 
upon the particular GAR-X weapon selected. 


Two long (133. 50") GAR-X weapons can be installed in the existing 
missile bay of either airplane with minor structural changes in the area of 
the ejection mechanism and revisions to the missile bay doors and 
mechanism. Тһе existing electronic com ponents in the forward-end of 
the F~106B missile bay must be repackaged in the same general area to 
clear the noses of the two GAR-X weapons. 


| Two short (113. 90") GAR-X weapons will be more difficult to install 
x since their folded geometry is larger, and the fixed portion of the wings 
: has a greater span. This will necessitate a local revision to the missile 
bay roof. In addition, new missile bay doors must be designed with 
indentations toclear the wings and fins of the weapon. The fixed portion of 
| the wings will require a local blister on the outside of the doors. 7 
, The hinge at the folding portion of the doors must be cutout for approximately 
45" to clear the lower folded portion of the wings and fins of the weapon. 
. Тһе missile bay longeron must be reinforced for approximately „| 30" because 
| Of the hinge cutout and the indentation of the doors adjacent to the longeron. 
. The geometry of the door mechanism must be revised to provide greater 

door travel in order to clear the two lower wings of the weapon which must 
. be opened prior to ejection. The baffle between the two weapons must be 
' cut out locally to clear the unfolded portion of the short GAR-X wings. 


| This study indicates that the 133. 50" long weapons would be preferred 
by Convair due to the relatively minor structural changes required. 


| Тһе changes required to install the short weapons may ђе of even 

. greater consequence than this brief study indicates. Past studies have 

| shown that it will be very difficult to revise the door mechanism within 

‚ the space available to provide greater door travel. The required cutouts 
in the doors remove such a great amount of door structure that it might 
be necessary to bulge the external lines of the airplane to provide for 
adequate door structure. 
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SUMMARY (Continued) 


With the proposed armament load the airplane gross weight will 
be reduced by a varying amount (depending on which of the three GAR-X 
weapons is finally selected) and there will be ца slight aft С.С. shift 
which wili remain within acceptable limits. 


There will be no performance degradation when carrying two GAR-X 
weapons due to the basic Convair concept of installing all armament 
internally. 


Recommendation: 


И the fixed wing portions of the short GAR-X can be folded (or eliminated), 
the extent of the modifications to the airplane structure will be reduced. 
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DISCUSSION 


The following brief description of changes required to install two 
САН-Х weapons іп Ше Е-106А or F-106B airplanes is based on an 
ejection system Їог displacing the weapons. 


Further studies must be made to determine the precise detail | 
changes reguired: | 


General 

1. Remove Ше existing center line ejection mechanism and 
provisions for the MB-1 rocket. 

2. Remove the existing displacement gear and provisions for the 
(4) Falcon missiles. 

8. Remove the missile bay doors. 

4. Remove the door actuating mechanism (6 places). 

5. Revise the electronic missile auxiliary components to provide 
for (2) GAR-X in lieu of (1) МВ-1 and, (4) Falcons. Hughes 
Aircraft has advised that apprarimately four units will be 
changed but that space provision in the existing racks are adequate. 

6. Re-package electronic components in the forward end of the 
missile bay. (F-106B only). 

1. Revise electrical system as required to accommodate the two 


GAR-X installations. 


Installation of Long GAR-X (Reference Drawing SD-56-08059) 


LO 


2. 


Install two 133. 50" GAR-X weapons in aft end of missile bay. 


Revise structure to provide for the relocated ejection mechanism 


and associated ejection loads. 
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3. Add baffle between weapons to decrease turbulence in bay. 


4. Add new missile bay doors and actuating mechanism from 
station 253 to 412 and revise pneumatic system accordingly. 


5. Add partition across missile bay at station 253. 


6. Ааа structure to fair over forward end of bay station 216. 50 
to 253. 


7. Re-package electronic components from the existing missile 
bay rack into this compartment (For F-106B only). 


C. Installation of Short GAR-X (Reference Drawing SD -56 -08060) 


1. Install two 113. 50" GAR-X weapons in aft end of missile bay. 


2. Revise structure to provide for the relocated ejection mechanism 
and associated ejection loads. 


3. Add baffle between weapons to decrease turbulance in bay. 


4. Add new missile bay doors and actuating mechanism from 
station 253 to 412 and revise pneumatic system accordingly. 


6. Add partition across missile bay at station 253. 


6. Add structure to fair over forward end of bay station 216. 50 
to 253. 


7. Re-package electronic components from the existing missile 
bay rack into this comparctment (For F-106B only). 


8. Revise roof of missile bay locally,to clear the fixed portion 
of the GAR-X wings. 


9. Revise geometry of missile bay doors to provide greater travel. 
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10. Cut out approximately 45" of hinge at folding portion of 
doors to clear wings and fins of the weapon. 


11. Provide cutouts in doors to clear wings and fins of the weapon. 


12. Provide local blisters on outside of doors to clear fixed wing 
portion of the weapon. 


13. Reinforce misstle bay longeron from Stations 310 to 340. 


14. Cut out baffle in center of bay to clear fixed wing portion of 
weapon. 


Following is the weight summaries and C.G. curves for both 
the F-106A and F-106B airplanes with any of the three proposed GAR-X 
weapons installed. 


Drawings SD-56-08059 and SD-56-08060 show installations 
of the long and short weapons in either the F-106A or F-106B airplanes. 
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PRELIMINARY WEIGHT STUDY 


Ae COMPARATIVE GROUP WEIGHT STATEMENTS = F-106A with (2) 133.5" Long GAR=X 
In lieu of (1) МВ-1 Type Rocket + (4) GAR-3/-4 Missiles 


(1) мв-1 Туре Rocket (2) GAR-X 
| (138,5" ) 
ل ی‎ ДА 


‘Wing Group 3274 5274 


Tail Group 636 “666 
Воду Сгоцр 4654 4840 
Alighting Gear Group 1179 1179 
Surface Controls Group 1437 457 
Engine Seotion | 37 37 
‚ Propulsion Group | ( 8000) ( 8000) 
Engine Installation 5911 5911 
Air Induction System 888 888 
Exhaust System 264 264 
Cooling System 46 46 | 
Lubricating System 50 50 | 
Fuel System 750 750 Í 
Engine Controls 26 26 | 
Starting System 65 65 : 
‘Fixed Equipment Group ` ( 4918) ( 4416) | 
Instruments and Navigational Equipment Group 134 134 i 
Hydraulic and Pneumatic Group 381 353 
Electrical Group 535 535 
Electronics Group 2522 2502 
Armament Group 684 230 
Frunishinga and Equipment Group 263 263 
Air Conditioning and Anti-Ioing Group 346 346 
Auxiliary Gear Group 53 55 
WEIGHT EMPTY. 23135 22819 
Pilot, Survival Kit, and Parachute 270 270 
Fuel - Unusable (JP-4) 239 239 
Fuel - Usable (JP-4) 1240 Gals. 8060 8060 
011 ~ Trapped and Engine 60 60 
МВ-1 Туре Rocket (1) 815 --- 
GAR-X Weapon (9 625 (2) PS 1250 
Ejector Cartridges 1 г 
, GAR-3/+4 Missile (4) 540 --- 
NORMAL TAKEOFF GROSS WEIGHT 855120 (192700 


* Convair Status dated 15 August 1956, 
Plus 20% Span Wing Camber 
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PRELIMINARY WEIGHT STUDY 
(Cont'd, ) 


В, F-106A with (2) 113.9" Long GAR-X (29,91! Fixed Wing Diameter) 


| Weight 
Normal Take-off Gross Weight 
F-106A with (2) 133.5" Long GAR-X © 22 5 32700 
Less 
САВ-Х (133.5" Long) (2) -1250 
Flus 
Missile Bay Structural Revisions + 46 
Door Structure and Mechanism Changes + 50 
GAR-X (113.9" Long, 29.91" Fixed Wing Diameter) (2) +1212 
Normal Take-off Gross Weight - Е-106А with (2) @ 7 
113.9" Long GAR-X (29.91" Fixed Wing Diameter) 32760 


| 
! 
| | 
| 
| 


0. F-106A with (2) 113.9" Long GAR-X (26,69! Fixed Wing Diameter) 


Weight 
Normal Take-off Gross Weight 
7-106۸ with (2) 133.5" Long GAR-X 32700 
Less | 
| GAR-X (133.5" Long) (2) -1250 
Plus 
| Missile Bay Structural Revisions + 40 
Door Structure and Mechanism Changes + 44 
САН-Х (113.9" Long, 26.89" Fixed Wing Diameter) (2) -+1126 
Normal Take-off Gross Weight - F-106A with (2) @ 563 
GAR-X (113.9" Long, 2.89" Fixed Wing Diameter) 32660 


NOTE: The weight studies above do not include any allowance for possible 
missile bay temperature environmental problems associated with the 
GAR-X weapons. 
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F-106A WITH (1) мв-1 TYPE ROCKET $ (4) GAR =8/=4 MISSILES 
CENTER OF GRAVITY ENVELOPE 
JP-4 FUEL л. ہے‎ 
69 CRUISE ATTITUDE | 2 


OVERLOAD ТАКЕ-ОРР 


External Tank 
446 ба1в. 
and Pylons 


NORMAL TAKE-OFF ES 
~ 
Tank 1 us 
235 Gala. х `, 
` сщ 
Кы ` 
ام‎ \ 
516 Gals. ид ` 
i 2 4; % 
n" » 
Ld Л 
ж» 3 
; Ж 
Tank 5 / / У 
/ © 
142 Gals. / ^ <, 
| E ж / ~ 
Z“ 1227 Gals. 7 


227 Gals. 


SUPERSONIC AFT LIMIT 


GROSS WEIGHT ~ 185./1000 
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54. 
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27 
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25 


24. 


25 


22 


Tank F 
227 Gals. 


LIMIT 


FWD: 


11 


4 | | | ~ k е? 
Е | سے‎ m ШИР Report Mr 2Р-8-044, 


ےمم — لاہ 


Р-106А WITH (2) 135.5 LONG GÀR-X WEAPONS (9625 


CENTER OF GRAVITY ENVELOPE 
JP-4 FUEL 
6° CRUISE ATTITUDE 


OVER-LOAD TAKE-OFF 


External, Tank 
446 Gals. 
end Pylons 


NORMAL TAKE-OFF 


Tank 1 
235 Gals. 


Tank 2 
516 Gels. 


Tank 5 
265 Gals. 


5-44 ян / 
„7 Tenk 7 22 » 
ہہ‎ 227 Gals. 


Tank 5-1 
Lines 

197 Gals. 
NOTE: 


The normal take-off съв. 
with (2) 115.9” Long, ФОТ # 
,GAR-X (29.91% Fixed Wing 

` Diameter ) is at 28.6% MAC; 
and with (2) 113.9” Long, 5 ۴ 
GAR-X (26.89 Fixed Wing 
Diameter), thenormal take-off 


m M АРТ. 


Date 16 August 
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| Т PRELIMINARY WEIGHT STUDY 


. COMPARATIVE GROUP WEIGHT STATEMENTS ~ F-106B with (2) 133. 5" 
Long GAR-X In lieu of (1) МВ-1 Type Rocket +(4) ‘GAR=3/-4 Missiles 


ч» 


(1) MB-1 Type Rocket, (2) > GAR-X 


Wing Group 3274 
, Tail Group 636 
Body Group (5213 
Alighting Gear Group 1195 
! Surface Controls Group 480 
‘Engine Section 2 
Propulsion Group ( 8033) 
` Engine Installation 5911 
Air Induction System 889 
Exhaust System 264, 
. Cooling System 46 46 | 
‚ Lubricating System 51 51 | 
| Fuel System 
EngineyControls | 
’ Starting System Е 
Fixed Equipment Group | 


Instruments and Navigational Equipment, Group 
Hydraulic and Pneumatic Group 

Electrical Group 

Electronics. Group 

Armament Group 

Furnishings and Equipment Group 

Air Conditioning and Anti-Icing Group 
Auxiliary Gear Group 


WEIGHT EMPTY 


Pilots, Survival Kits, and Parachutes 
Fuel = Unusable (JP=4) ыш 
Fuel ~ Usable (JP~4) 1240 Gals. 
011 - Trapped and Engine u 
МВ-1 Type Hocket (1) 
GAR-X Weapon (0 625 (2) 
Ejector Cartridges 

! GAR-3/-4 Missile (4) 


NORMAL TAKE-OFF GROSS WEIGHT 


* Convair Preliminary Status dated 15 August 1956, 
Plus 20% Span Wing Camber 
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' PRELIMINARY WEIGHT STUDY 
Cont га е 


В. F-106B with (2) 113.9" Long GAR-X (29.91" Fixed Wing Diameter) 


Weight 
Normal Take-off Gross Weight 

F-106B with (2) 133.5" Long GAR-X (9 225 34100 

Less 
GAR-X (133.5" Long) (2) #1250 

Plus 
Missile Bay Structural Revisions + 46 
Door Structure and Mechanism Changes | + 50 
GAR-X (113.9" Long, 29.91" Fixed Wing Diameter( (2) 31214 


Normal Take-off Gross Weight. 


| ! | fe 207 | 
F-106B with (2) 113.9" Long GAR-X/(29,91" Fixed Wing Diameter) 34160 


С. Е-106В with (2) 113,9! Long GAR-X (26.89" Fixed Wing Diameter) 


Weight 
Normal Take-off Gross Weight 
#-1068 with (2) 133,5" Long GAR-X 34100 
Таза 
GAR-X (133.5" Long) (2) -1250 
Plus 
Missile Bay Structural Revisions + 40 
| Door Structure and Mechanism Changes + 44 
| GAR-X (113,9" Long, 26.89" Fixed Wing Diameter) (2) 41126 
Normal Take-off Gross Weight ге 56 3 


F-106B with (2) 113.9" Long САК-Х'(26.89" Fixed Wing Diameter) 34060 


КОТЕ: The weight studies above do not include any allowance for possible 
missile bay temperature environmental problems associated with the 


САН-Х weapons, 


тоем «272-42 


| аре | 
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F-106B WITH (1) МВ-1 ТҮРЕ ROCKET + (4) бАН-3/-4 MISSILES 


i PRELIMINARY CENTER OF GRAVITY ENVELOPE 


| TWO PILOTS 
5 | JP-4 FUEL 
69 CRUISE ATTITUDE | 4 | 
58 | OVERLOAD TAKEOFF 
37 


EXTERNAL FUEL 


(446 GALS.) | 
56 м 
120 GALS. TRANSFERRED 
55 AFT Р LP то т 
NORMAL TAKEOFF. — 
54 


Е 
al (835 GALS.) 1 
E 


55 Ты g (158 GALS.) 2/ : | 
8 | | 7 : 
; ” n 
8٤ | (107 GALS.) T A b 
E / 
H > 4 Ж 
ше. Е (120 GALS.) Де 
E (158 GALS.) L. 
зо | | d سے‎ 
oe 
29 (440 GALS. + 
22 GALS. 
T LINES) 3 
28 FUEL AT NORMAL TAKEOFF 
“TANK 1 285 GALS. 
TANK 2 316 GALS. 
27 TANK 3 440 GALS. 
TANK F 120 GALS. 
TANK T 107 GALS. 
26 TRANSFER LINE 22 GALS. 
Еч = 
25 | 5 
rel t 
Еч - 
га | = 
а : 2 = 
h = + 
на 
25 |: : 5 
22 | ۱ — - 
25 24 25 26 27 28 29 30 31 52, 35 54 35 36 365 


гә 
— _ 3 


PERCENT OF MAC 
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F-106B WITH (2) 133.5“ LONG GAR-X Ф 625 


PRELIMINARY CENTER OF’. У ENVELOPE : 


: Thal det TWO | ° 
“рә سر‎ JP-4 EE 22 1 
6° CRUISE ATTITUDE | 


58 || 
5 OVERLOAD TAKEOFF 
37 
86 JEXTERNAL TUEL 
35 | 
160 GALS, TRANSFERRED 
34, i | 
А Ч ЇГ т И - 1 
33 (235 GALS.) 7 
3: Y зад 
| Ё х 
158 6415. / | 
32 ) Ж \ 
(67 GALS.) Т е » 
51 wes / 
E d rig 
(160 GALS.) | ж 
30 | | y سے‎ 
(158 ,GALS.) P 
| 22 
29 |. ^ {FUEL AT NORMAL TAKEOFF 


TANK 1 235 GALS. 
TANK 2 516 GALS. 
TANK 3 440 GALS. 
| TANK Р 160 GALS. 

TANK Т 67 GALS. 
TRANSFER LINE 22 GALS. 


! (440 GALS. + 
22 GALS. 


28 T LINES) 


27 


ОТЕ: 

The normal take-off c.g. with 
لع‎ (2) 113.9" Long GAR-X (29.91" 
4 Fixed Wing Diameter) is at 
27.6% MAC; end with (2) 113,9" 
Long САВ-Х (26.89" Fixed Wing 
Diameter), the normal take-off 
c.g. ів at 27.7% MAC. 
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INTRODUCTION 


This study shows changes required to install two GAR-1Y 
missiles in the center bay of the Е-102А airplane. The four 
GAR-1D/-2 Falcons in the outboard bays will be retained, and (24) 
2.75" Rockets will be removed. 


The existing six Falcon capability will be retained with 
provisions to install either the GAR-LY or Falcons in the center 
bay interchangeably, 


| The study 18 based upon а modification type change бо be 
| accomplished during ап IRAN program ас Соцуа1г!5 Рајтдаје facility, 
and/or by kits in the field. 


A portion of this change is being accomplished on aircraft 
Мо. 1799 as a prototype for Hughes Aircraft Company. Early flight 
testing accomplished by Hughes will furnish Convair some data so 
that a limited amount of flight testing will be required of Convair's 
production configuration described herein. 
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The changes required to an Ё1О2А airplane to carry two GAR=1Y missiles 
and four Falcon missiles can be accomplished with no structural changes | 
except for the center missile bay door redesign. 


Minor revisions to the armament and related systems will be required. i 


The two pass airplane capability will be retained, Тһе airplane will 
һауе the following interchangeable armament loading capability. 


1. (2) GAR-1¥ + (+) GAR-1D/-2, ог 


(2.75! rockets will be deleted) 


The existing four Falcon missiles and their displacing gear in the out- 
board missile bays will be unchanged. 


The existing displacing gear in the center bays will be unchanged 

except for substitution of larger diameter actuators, displacing gear 

drag members, cross beam and pivot pin with strengthened like members. A 
Rockets and rocket provisions will be deleted from the center doors. 

Rocket tubes will be retained in outboard doors to minimize the change. 


With the proposed armament load, the normal take-off gross weight will 
be 262 pounds less than the present tactical Е102А, There will be а 
Slight C.G. shift which will remain within acceptable limits. 


For the extended range missión the take-off gross weight will be 
136 pounds less than the current airplane. This includes seven 
dummy rockets (126 lbs.) carried in the outboard rocket tubes to 
maintain the С.С. within limits. 


The changes in gross weight and C.G. will have a negligible 
effect on airplane performance. 
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DESCRIPTION 


То minimize changes to the pneumatic and electrical systems, 
it has been assumed that the following ground rules would apply: . 


1, Fire control system and the sequence of firing will not 
change. 


2. For the GAR-1Y installation the crash loading requirement 
will be reduced to a value less than the presently estab- 
lished 8 g's. 


The following changes must be made to provide for two GAR-1Y 
missiles in the Ғ-102А airplane while retaining four Falcon missile 
provisions in the Forward and Aft Side Bays, and. removing provisions 
for (12) 2.75" rockets in the center bay doors. 


1. General (Reference Drawing 8-05547) 
А. Replace (2) center bay Falcons with (2) GAR-LY missiles. | 
В. Redesign center missile bay doors, retaining hinge | 
points and actuator attachment as for original Е-102А 
airplane. Relocate marker beacon antenna. 


Remove center missile bay door 2.75" rocket capabil- 
ities. 


Replace (2) center bay armament displacing gear actua- 
tors with (2) actuators of larger diameter for dis- 
placing heavier armament load. 


Electrical change to provide special weapon indicator 
light plus control switch in cockpit. 


Replace center bay displacing gear drag members, cross 
beam and pivot pin with strengthened like members due 
to increased drag of the GAR-1Y. 

Armament Group 


А. Redesign center missile bay doors to provide clearance 
for two САВ-1У missiles. 
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Be Revise armament installation to install two new 
center bay displacing gear actuators. 


Electrical Group 
A. Create modification drawings to revise: 
(1) Schematic diagram 
(2) Circuit diagrams 
(3) Harnesses 
(4) Connection diagrams 
Pneumatics Group 
А, Displacing cylinder specification 
B. Control valve specification 


с. Schematic diagram 


Schedules and costs are shown under separate cover. 


Weight summaries for normal and extended range missions are 
shown on the following pages. 


А C.G. curve for the extended range mission is also shown. 


NOTE: For training purposes, it will be possible to load and 
fire (12) 2.75" rockets in the outboard missile bay doors. 


(12) rockets weigh 216 lbs. 
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Р-102А WEIGHT SUMMARY WITH (2) GAR-1Y MISSILES IN CENTER BAY 


(5) GAR-1D OR GAR-2 MISSILES IN SIDE BAYS - NO ROCKETS 


Weight 
Wing Group 3,000 
Tail Group . 235 
Body Group (3,833 ) 
Alighting Gear Groups 1,056 
Surface Controls Group 413 
Engine Section 39 
Propulsion Group ( 6,361 ) 
Engine Installation 1:,995 
Air Induction System 693 
Exhaust System 140 
Cooling System 16 
Lubricating System 25 
Fuel System 395 
Engine Controls 23 
Starting System 76 
Fixed Equipment. Group ( 4,345 ) 
Instruments. | 141 
Hydraulics and Pneumatics Group 319 
Electrical Group 594 
Electronics Group 2,174 
Armament Group 55% 
Furnishings and Equipment Group 227 
Air Conditioning and Anti-Icing Group 259 
Auxiliary Gear Group TT 
WEIGHT EMPTY 19,182 
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F-102A WEIGHT SUMMARY (Continued) 


Weight 
Useful Load - Normal Tactical Mission ( 8,706 ) 
| Pilot, Survival Kit and Parachute 275 
Fuel, Unusable (JP-h) 23.7 Gallons 154 
Fuel, Usable (JP-h) 1085 Gallons 7,053 
011, Trapped and Engine 62 
Missiles 
GAR-1D and/or GAR-2 Side Bays (№) 508 
GAR-1Y Center Bay (2) 432 
Missile Launchers: (6) 222 
NORMAL TAKE-OFF GROSS WEIGHT 21,888 
Current F-102A Gross Weight is 28,150 Lbs. based оп 
Report 310 dated 28 January 1958 
USEFUL LOAD - Extended Range Mission 
Pilot, Survival Kit and Parachute 275 
Fuel, Unusable (JP-h) 23.7 Gallons 15% 
Fuel, Usable (JP-h) Internal (1085 Gallone) 7,053 
Fuel, External (JP-4) 430 Gallons, Tanks, 
and Pylons 3,126 
011 - Trapped and Engine 62 
Missiles 
GAR-1D and/or GAR-2 - Side Bay (№) 508 
САВ-1Ү Center Bay (2) 432 
Missile Launchers (6) 222 
Ballast - Dummy Rockets - Side Doors (7) 126 
EXTENDED RANGE MISSION TAKE-OFF GROSS WEIGHT 31,140 


Current F-102A Extended Range Gross Weight is 
31,276 Lbs. 
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INTRODUCTION 


Additional investigations after submittal of Convair report 


ZP-8-053, "Infrared Augmentation for the F-102A" indicated that 


the infrared display unit, which was injected into the optical 


The рго- 


sight, protruded into the pilot escape ejection path. 


trusion was sufficient to cause serious injury to the pilot. 


Aerojet was therefore requested to study possible relocation 


Subsequent discussions with Aerojet 


of the infrared displey unit. 


formulated the following requirements: 


1. Display mechanism located forward of the instrument 


panel. 


Optical projection of the display onto а retracting 


sereen such that visibility from the cockpit at landing 


was not restricted; 


Combination of the acquisition and tracking display units into 


а single device. Aerojet has formulated a display system 


meeting these requirements. 
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MODIF TED DISPLAY UNIT-AEROJET 


The mechanism of the display 18 identical to that described 
in ZP-8-053. The acquisition display previously considered to be 
а panel mounted instrument, retains the direction to fly concept 
but is displayed &round the circumference of the modified display 
unit. An arrow 19 presented to give в, direction to fly by means 
of а synchronized rotating disk and xenon lamp system. 


The tracking display previously injected into the optical 


Sight, presents & cross, the center of which indicates the position 


of the target, inside the acquisition circle. 


Tactical application anà the display during each phase is 


shown in Figure 1. 


FORM. iain жа 


The combined display unit, shown in Figure 2, contains the 
functions for both the acquisition and tracking units. Light from 
each of the xenon lamps passes through в coding scanner, through 
the beam-splitting glass, through the optical attenuator, and 
through the field projecting lens, and generates an image of the 
cross and the arrow on the viewing glass, which has a light-dif- 
fusing surface. This glass contains the missile field indicator. 
When the cross appears within the indicator circle, the missile 


is in angular position to acquire the target. 
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The viewing glass and the supporting tube will Бе provided 


within a mechanism which will allow them to be folded, so that 


the pilot will have an unrestricted field of view during landing 


operations. Brightness of the display is varied by an optical 


attenuator which is continuously variable, with a mechanical control 


available to the pilot. 


Equipment Characteristics 
The display unit performs the following functions: 


1. 


2. 


Receive signals from acquisition amplifier. 

Trigger a xenon lamp in phase with target indications 
signal. 

Code light from xenon lamp by means of moving arrow to 
represent equivalent target direction. 

Project arrow onto viewing glass. 

Receive signals from tracker amplifier. 

Trigger a xenon lamp in phase with target indicator signal. 
Code light from xenon lamp by means of morning slits to 
represent equivalent target position. 


Project cross onto viewing glass for viewing by pilot. 
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Factors of interest are: 


1. Weight - 7# 


2. Controls - 
а. А mechanical сад will be provided to adjust 
display intensity. 
b. A mechanical control will be provided to fold the 
viewing glass and support tube out of the way when 
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SYMBOLS AND ABREVIATIONS 


FCS Fire Control System 


САВ-2 Infrared Falcon 


Pr Reliability 

Py Probability of hitting target 

Рик Probability a hit is a kill 

РК Kill probability 

Рос Probability of detection and conversion 
Ro Initial detection range 

g Vectoring error 

e Half angle of target cone of radiation 
ЫГ Ground control launch range error 
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RESERVATION OF PROPRIETARY RIGHTS 


Тһе companies that have submitted proposals (Aerojet-General, 
Avion and Hughes) on which this report is based, have considered 
their information to be proprietary and that such information, data 
and prints as disclosed were to be used for United States Govern- 
ment evaluation, апа that this information shall not be divulged 
to third parties. 
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Three infrared systems for augmentation of the F-102A fire 
control system are presented and discussed. 


1. Aerojet Infrared Target-Position Indicator. 
2. Avion Passive Detection System, 
3. Н.А.С. Infrared Augmentation System. 


Addition of ап infrared detection system to the fire control 
System results in an increase of kill capability to 0.60 from zero 
at night above 20,000 feet with the fire control system jammed or 
inoperative end to 0.60 from less than 0.30 in daylight above 20,000 
feet with the fire control system jammed or inoperative. At low 
altitude in clear weather, the infrared system can provide greater 
detection ranges than the optical sight or a radar set with ground 
clutter. Due to the narrowness of the GAR-2 launch range, however, 
range information must be derived from the radar when the clutter 
cross-over range is obtained or from the optical sight. Ground in- 
formation is not sufficient. 


Due to rigid mount and unobstructed field-of-view requirements, 
the equipments have been shown mounted ав follows: 


1. Aerojet Tracker on left wing at inboard fence. Search on right 
wing at outboard fence. 


2, Avion-one on each wing &t inboard fence. 
3. Hughes-one unit on tail below omni range antenna. 


Methods of presentation of target information to the pilot are as 
follows: 


1. Aerojet Tracker-Illuminated cross on combining glass attached to 
optical sight. Search-Arrow direction to fly on panel instrument. 


2. Avion - А dot representing the target 15 presented on th 
sigt copining glass. The outer portions of the. seare 


0 улсад а direction to fly wille бан 
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0.00 SUMMARY 


Three infrared systems for augmentation of the |F-102A fire 
control system are presented and discussed. | 


1 

1. Aerojet Infrared Target-Position Indicator. | 

2. Avion Passive Detection System.. 

3. Я.А.С. Infrared Augmentation System. ! 
Addition ОҒ ап infrared detection system to tnd fire control 

system results in an increase of kill capability $010.60 from zero 

at night above 20,000 feet with the fire control system jammed or 

inoperative and to 0.60 from less than 0.30 in daylight above 20,000 

feet with the fire control system jammed or inoperative. At low 

altitude in clear weather, the infrared system can provide greater 

detection ranges than the optical sight or a radar get with ground 

clutter. Due to the narrowness of the GAR-2 launch range, however, 

range information must be derived from the radar when the clutter 

cross-over range is obtained or from the optical signt. Ground in- 

formation is not sufficient. | 


Due to rigid mount and unobstructed field-of-view requirements, 
the equipments have been shown mounted as follows: | 


1. Aerojet Tracker on left wing at inboard fence. Search on rignt 
wing at outboard fence. 


| 
| 
2. Ауіоп-опе on each wing at inboard fence. 


3. Hughes-one unit on tail below omni range antenna. 
! 


Methods of presentation of target, information о the pilot аге ав 
follows: 


l. Aerojet Tracker-illuminsted cross on combining glass attached to 
optical sight. Search-Arrow direction to fly on panel instrument. 


2. Avion - A dot representing the target is presented on the optical 
` Sight combining glass. The outer portions of tlle search field are 
compressed indicating a direction to fly while the center portion 
presents target azimuth and elevation relative to the interceptor. 


| 
3. Hughes - Alternate display оп radar scope. | 
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Schedules for the Aerojet and Avion systems show initial pro- 
duction units will be available 9 months form "go-ahead". Hughes 
units because of additional integration, will be available 18 months 
from "go-ahead" . 


| Но significant operational differences exist, among the systems, 
The same type detector and about the same size optics are used in 
each system. 


< 


The Hughes system, although the most completely integrated, is 
| less desirable because of the extended schedule. 


No single factor determines the selection of either the Aero- 
jet or Avion system, and no series of factors selects either system, 


The Aerojet system is recommended because of: 


а) less development risk due to previous experience of installa- 
tion. 


9) display method has been well investigated and defined. 


с) Aerojet system has been installed and demonstrated in 
flight operation. 
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0.10 INTRODUCTION 


Three infrared systems (Aerojet.Infrared Target - Position Indicators, 
Avion Passive Detection System, and H.A.C. Infrared Augmentation System) 
for augmentation of the F-102A fire control system are presented and dis- 
cussed. 


Factors that are included in the discussion are: 


(1) Objectives of infrared system addition indicate areas where 
capabilities of the aircraft can be increased. 


(2) System description, including system operation, physical data and 
manufacturer's preliminary data. 


(3) Installation of the equipment and the problems associated with 
each equipment. 


(4) Requirements апа objectives of a flight test program to evaluate 


the objectives of the system addition. 


| 
FORM 1818 “АЧ 


(5) Manufacturer's delivery schedule. 


(6) System recommended for installation on the Е-102А. 


(1) Detailed system description. 
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l. OBJECTIVES OF INFRARED SYSTEM ADDITION 
1.00 Introduction. Тһе F-102 FCS (Fire Control System) has limited 


effectiveness under the following situations: 


1. No kill capability at night or in inclement weather when the 
FCS is inoperative, jammed or cluttered. 


2. А single pass К111 capability in daylight during good weather 
at medium altitudes when the FCS is inoperative or jammed. 


3. A limited two pass kill capability in daylight during good 
weather at low altitudes when the FCS is cluttered. 


The most serious deficiency exists at night with an inoperative or 
jammed FCS since there is no kill capability. An attack requires that 
| the pilot receive target azimuth and elevation angles, and range. During 
| daylight with good visibility, the optical sight provides this informa- 
tion with sufficient precision to use the GAR-2 Infrared Falcon or the 
| 2.75" rockets ав the attack weapons. 


At night with clear weather conditions, an infrared detection 
system can present the required angular information to launch the GAR-2 
Falcon. Range information must be obtained from another source such as 
ground control (see para. 1.10). The GAR-2 seeker lock-on range cannot 
be used to determine launch range as the GAR-2 seeker lock-on range ex- 
ceeds the missile aerodynamic launch range (Figure 1.). Further, since 
| the GAR-2 18 carried internally, по assurance is given to the pilot that 

lock-on (in direction) will occur. 


The 2.75 rockets cannot be fired at night by an infrared sight be- 
cause of the stringent launch and angle information required to launch 
the rockets. 


1.10 Proposed Alternste Mode. The alternate mode, for night attack 
using the infrared sight, uses the САН-2 Falcon as the attack weapon. 
Appropriate parameter adjustments will permit the use of the Sidewinder 
or similar missiles. 


| In the alternate mode, the pilot will be vectored by ground control 
on a tail approach to the target. The pilot will search for the target 
with the infrared search and track system. On detection, the system 
starts tracking the target and the pilot informs the ground that he is 
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tracking the target. The pilot then flies a pursuit course from the 
angular information presented by the infrared display unit. 


Assurance to the pilot that the missile seeker will lock-on (in 
range only) may be derived from the infrared system tracking signal. 
If the signal level required for tracking is greater than or equal to 
the signal level required by the GAR-2 to track, then this is sufficient 
lock-on indication. If the signal level is less, then the infrared de- 
tection system must indicate when the signal level is adequate for GAR-2 


lock-on. 


During the pursuit course closure, ‘the ground controller notes the 
separation and starts to sense the closure rate. The launching signal 
will be given to the pilot by the controller through one of the following: 


1. ТР the ground controller sees on а sweep of his radar scope 
that the range is within allowable launch range, he will inform the 
pilot to launch, or 


2. The controller on estimating the range and closure rate may 
inform the pilot to "launch in X seconds". 


The alternate is for the pilot to withhold launch until system іп- 
dication denotes that lock-on can occur. However, this does not insure 
launch within the aerodynamic range of the missile. 


1.20 Evaluation of Alternate Mode of Attack. The following constants 
for the GAR-2 will be used in the evaluation. 

(Рр) Reliability = 0.85/missile 

(Py) Probability of hitting target = 0.70/missile 

(Рик) Probability а hit is а kill = 0.90/missile 

(Pk) Kill probability = Рр Pg Py, = 0.53/missile 

PK. (Three GAR-2 Falcons) = 0.90 
1.21 Рус. The probability of detection and conversion is assumed to 


depend only upon the accuracy of ground vectoring and the half angle of 
the cone of radiation from the target. 
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With expected closing rates approaching 300 fps and а 4 second infra- 
гей frame time, detection will occur within 10 seconds from the time the 
interceptor is correctly positioned. Conversion to a pursuit attack should 
follow immediately. Figure 2 is а plot Pp, versus Ro (Қо = initial đe- 
tection range) for two vectoring errors (c = 1,3 n. ші.) and for two half 
angles (0) of the target's effective cone of radiation (Ө = 10° , 30°). 
Using the maximum or minimum Рос to represent the system would not be real- 
istic. Ө ands are expected to decrease with time. At tne time of system 
introduction, it is assumed that 9 = 3 n. mi. апа 9 = 30", апа that their 
variation with time will maintain a constant value of Ppp = 80%. 


1.22 Vectoring Errors. The probability of determining the correct launch 
point depends on the controller's accuracy in estimating relative range and 
range rate. Ап accuracy іп range measurement of + 1/2 n. mi. is currently 
obtained. Launch range (separation) can then be determined within + 1 n. 
mi. (са). Тһе alternate mode launch range will be considered to be 1 

n. mi. less than the maximum launch ranges of Figure 1. Only those inter- 
ceptors which lie outside the maximum launch range will һауе a Р of 

zero. Бог = 1 n. mi., 84% of the attacking interceptors will achieve 
correct launches on ground supplied range information. (Р, = 0.84). 


1.30 Final Evaluation of the Alternate Mode of Attack. Рк for the al- 


ternate mode is composed of these three factors: 
Рос = 0.80, Р, ш 0.88, PK; = 0.90 


۲ 


k = Рос Рр Fg, = о.60 


1.40 Daylight Attack Capabilities. Daylight-modified infrared equip- 


ment can give greater detection ranges (tail aspect) than visual detection. 
Visual attention concentrated on the line of sight yields perception up to 
about 7.5 n. mi. Visual search of a 13-1/2° cone results in a 90% proba- 
bility of detection at 3.9 n. mi. Infrared equipment discussed herein 
gives а minimum 9 п. mi. detection range on tail aspect. 


1.50 Conclusions. 


1.54 Increased Py. The kill capability of the F-102A may be increased 
to 0. in the following areas (above 20,000 feet) by the addition of an 
infrared detection system and be exploiting the capabilities of the GAR-2 
Falcon and the ground environment: 


1. At night with FCS jammed or inoperative (no present Ру). 


2. Daylight with FCS jammed or inoperative (poor Present Рк <..30). 
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1.52 Additional Considerations. 
1. Low Altitudes 
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а) At low altitudes where radar operation may be limited Юу 
ground clutter, kill probability can be enhanced by utilizing the IR 
equipment for detection and conversion followed by obtaining range 
information with radar when the clutter cross-over range is achieved. 


b) If radar is jammed or inoperative some kill probability can be 
expected by utilization of IR equipment for detection and conversion in 
conjunction with the optical mode for range information at launch time. 


с) The narrowness of the GAR-2 Falcon launch range tolerance 
from sea level to 20,000 feet requires that target range be more ac- 
curately known than the range that can be provided from ground infor- 
mation. Hence, when either radar or optical ranging is not possible, 
the IR detection system will not provide additional capability. 


2. Countermeasures. 


When normal radar tracking is denied by chaff, confusion re- 
peaters track breaking repeaters or occasionally by broad band noise 
jemmers, the IR system can be utilized for detection conversion and angle 
tracking. Launch range information can be obtained from the radar 
system. Under conditions where broad band ‘noise jammers succeed in 
denying radar range, then launch range information from CGI can be 


employed for targets above about 20,000 feet. 
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2. SYSTEM CHARACTERISTICS 


2.00 Systems Considered. Тпе following systems have been considered 
for adding infrared search and track capabilities to the F-102A: 


l. Aerojet Infrared Target-Position Indicators. 
2. Avion Passive Detection System. 
3, H.A.C, Infrared Augmentation System. 


2.01 Introduction. The detector units of the equipment available for 
the F-102A consists of short wave length type, lead sulfide cells. There- 
fore, the capability of these equipments lies primarily in tail aspect ap- 
proaches to the target where the hot portions of the engines are unshielded. 


Range to target is not determined by these detectors. The target azi- 
muth and elevation is presented relative to the interceptor to permit а 
pursuit course to be flown. 


2.02 General Operation. The lead sulfide detector is chemically де- 
posited оп a substrate of glass. Electrodes, attached to the lead sulfide 


‚ film, are coupled to a preamplifier so that when detector resistance changes 
due to infrared radiation, the resultant voltage change across the film is 


койм 185E-A-l 


+ 


detected and amplified, “his amplified signal ls then processed into use- 
able pilot information. The display signal can be presented through the 
optical sight or radar scope. 


2.03 System Characteristics. General system characteristics are pre- 
sented in the following tables. Specific system descriptions are presented 


in Section 7. 


Two distinct units are used. 1) ‘The tracker scans a circle and 
performs the track function. 2) The acquisition unit, scans an 
annulus to cover an extended search area. (The present tracker 

will be modified to provide daylight discrimination, the acquisi- 


tion unit has daylight discrimination). 


Two identical units are used to provide suitable coverage. 
(Units have daylight discrimination.) 


A single unit is sufficient. (Unit has deylight discrimination.) 
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TABLE II 


Acquisition Avion 
Track; while 


Search and Track 
Scan (TWS) 
Field of View 13-1/2° cone 12° to 52" 22° Elevation 
hollow cone 40% Azimuth 
| | 
DE 
وت سا‎ ШК 


Rotational Rotational 
Sean Scan Ң sec. 
+ 2 mil 
(.002 radian) 


Optical Sight 
Combining Glass 


Controls Added Panel 
Figure 3 


22 ki 30# E Wail 
Installation 


Operation 


Instantaneous 
Field of View 


Tracking - 
Field of View 


Tracking 
Accuracy 


Panel. 
Instrument 


Presentation 


„Аддед Рапеј 


Added Panel 


Detection 
Range 


+ 3 م 


Syatem Weight 
Included Installation 


Volume Required 600 cu. in. | ^ Included 600 cu. in. 

(Electronic) 

Power Required 290 watts Included 75 watts (115 volts) 
| (115v ) -1 30 watts (28 volts) 
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Hughes 


TWS 


l5? Elevation 
90? Azimuth 


0.3? x 4° 


10% x 20° 


ћ sec. 


.5 Бес. 


+ 1° 


Кадвг Scope 


Added to 
Radar Controls 


Pigure 4 


31 + 
Installation 


200 cu. in. 
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3. INSTALLATION 


3.000 General. Possible installation locations for an Avion, package 
infrared detector are shown in Figure 5 as described in preliminary 
design report "Study - Installation of an Infrared Automatic Search 

` and Point System in the F-102A" (7Р-8-018). Тһе equipment co nsidered 

i in this proposal does not include such а package, however, the potential 

| locations for the detector head are the same. 


| Басһ of the proposed equipments favor specific installation locations, 
| due to the system specifications and size and shape of the physical units 
: Locations considered for installations of the units discussed in this 

| proposal are shown in Figure 6. Location of associated electronics 

` equipment is also shown. 


` 3.100 Aerojet. To utilize the effectiveness of the tracker detector 
a relatively rigid mounting is required. The detector head is capable 
of producing a tracking accuracy of + 2 mils (2 thousandths of a radian) 
| but the limitations of the optics permits only an accuracy of + № mils 

` in presentation. Therefore, а location is required where mount rotation 
and deflection is small. At the inboard fence (BL 84), the wing twist 
for а l g load is less than 2 mils depending on the flight loading 
condition. Тһе cumulative error that сап be introduced by the ving, 
detector head and optics is within the GAR-2 firing tolerance (+ 2? in- 
stantaneous field of view). 


| The acquisition detector, since it performs the function of search 
only, permits installation at more flexible locations. The output in- 

formation of the acquisition detector is used to locate,by aircraft man- 

euvering, the target in the tracker field. Hence, any errors produced 

by tvist and deflections of the acquisition detector will be cancelled out 

by pilot maneuvers in converting to & pursuit attack on the target. 


Contrary to the tracker requirements, the acquisition section sweeps 
out a greater volume of space.. Installation then requires a location 
where interferencefrom the carrying airplane is absent or at а minimum. 


Installation of this unit at the outboard wing fence, (BL 150) 
satisfactorily meets these conditions. Wing twist at this location can 
, exceed 2° (-3g condition) but is not detrimental to the system function. 
Interference from the fuselage nose section is shown as the shaded area 
| of Figure 7a. An area consisting of a triangle 3-1/2,° high by 9° is 
eliminated from the total field of view. This is not considered to be 
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Wing installation of the tracker detector unit is shown in Figure 8, 
acquisition unit in Figure 9. The visual indicator installation of the 
tracker unit is shown in Figure lO. 


А problem &rea exists for installation of the acquisition unit display 
indicator, (Figure 11). Но space is available on the instrument panel 
for an additional display unit. Space is available for this display 


unit by mounting it adjacent to the radar scope or on the cowl line 


extending from the radar scope. There is, however, a slight reduction of 
visibility in these areas with such an installation. 


3.200 Avion. The detector units perform both the search and track functions. 
Therefore, a relatively rigid mount location is required. The inboard 
fence locationNs acceptable. Іп addition, for this location, по fuse- 
lage interference is present because of the overlay of individual 

search fields of the two units. The most severe installation restric- 
tion is due to the requirement of non-metalic materials within approx- 
imately five inches of the detectors head. This requirement can be met by 
extending the head forward to provide clearance, or by using a non- 
metalic insert in place of the wing leading edge in the vicinity of the 
detector unit. Due to the leading edge sweep the first method requires 

а projection of about 15" which is excessive. Therefore, the non- 

metalic insert will be considered. 


Detector head installation on the wing is shown in Figure 12. 


Minor modifications are required to convert the tracking informa- 
tion from the detector unit into a useable display on the combining glass. 


3.300 Hughes. The detector unit, which performs both the search and 
track function has a large search field. Including a unit on each wing 
would provide a field coverage of 180° which can not be effectively uti- 
lized. In addition the detector unit weight of 25 pounds introduces 
considerable additional weight for very little gain in system effective- 
ness when а second detector head is added. The greater weight also adds 
to the installation problem due to the fuel tight requirements of the 
wing structural box. 


Therefore, a tail mounted location is considered for this equip- 
ment. Two restrictions are present with this location. Апу maneuver 
or trim load of 1000# on the vertical fin can cause a twist of about 
2°. An azimuth reference can be supplied by installing an infrared 
emitter on the top of the aircraft fuselage to eliminate this problem 
in search. Іп track this reference will not be available. However, 
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flight maneuvers approaching and at the weapon release point should 
be at. minimum so that no twiet is present. The second restriction is 
that the fuselage blankets out a sizeable portion in the forward 
down-elevation search field. See Figure Tb. One 'g' angle of attack 
lines for 5 and lO degrees &re shown in Figure 13. Under most flight 
conditions some forward down-elevation search field is available. 
Installation of the detector unit is shown in Figure 14. System 
controls are added by modification and addition to the existing radar 


controls. Display is presented through the radar scope ав an alter- 
nate presentation. 
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4.00 The purpose of the proposed flight test program will be to: 
1. Evaluate the performance of the infrared sight; and 


| 2. Establish applicable techniques for its employment. 
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Item 1 above considers performance items such as infrared sight detec- 


tion and lock-on range and infrared sight aiming error.  Item:2 includes such 
items as GCI ability to establish interceptor to target range and fire point, 
апа applicable safety cut off points for avoiding collision. 


| portion of the program can be accomplished &t Convair facilities. 


1.01 Test Techniques and Conditions. The test program consists of two 
2) phases. Тһе first phase of the program will consider Item 1 above. This 


The second portion of the program will consider Item 2 above, and will 
‚ require testing in the Air Defense Command GCI environment. 


4.10 PHASE I (Convair Facilities). The tests to be accomplished in this 
| | Each 


phase will consist of simulated attacks employing the infrared sight. 
attack will consist of runs оп the target from some predetermined point behind 
the target. Detection and lock-on range will be obtained during these runs. 
Aiming errors will be examined during the final phase of the attack by miss- 


evaluation techniques. 


in the table below: 


Interceptor Interceptor 
Description Altitude Mach No. 


| 
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The conditions at which these simulated attacks are required are given 


Initial Interceptor 
Location 

With Respect to Target 

Range Behind |Off.Range 


in N. Mi. 
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РНАЗЕ Т TABLE continued 


Attack Interceptor | Interceptor | Initial Interceptor 


Description Altitude Mach Но... Location 
With Respect to Target 


Range Behind | Off Range 
іп N. Мі. 


4.20 PHASE ІІ (ССІ Environment). 


The tests to be accomplished іп this phase consist of simulated attacks 


| against targets where tactical vectoring procedures are employed. The scope 
of this phase will depend to a large extent upon the results of the Phase I 


| tests. 


Conditions under which simulated attacks will be required in this phase 


| аге given نو‎ the table below: 
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7775. SCHEDULE 0 


! 5,00 Comparative equipment schedules based on l October, 1957, as go-ahead 


are shown in Figure 15. 
6. RECOMMENDATIONS 


| The relative merits of the three systems'are as follows: 


l 


| Factors | Remarks 


Probability of Detection No significant difference exists among the systems. 
‚апа Conversion 


| Tracking Accuracy The Aerojet 8-11 since it 18 specifically designed 


г 

: 

| 1 
1 


| Detector Installation 


| |Мөрізу Installation 


for tracking, has the best characteristics, 


The Aerojet "“clamp-on" fairing is preferred over the 
Avion "insert". The Hughes unit, because of the 
electronics package is excessive in size and weight, 
апа is therefore not desirable. 

The Avion system is preferred for minimm aerodynamic 
interference. 


The Aerojet display is obtained by addition to the 
optical sight and by addition of an acquisition dis- 
play unit. (Physical requirements only). The Avion 
display will require internal modification of the op- 
tical sight. (Possible design changes). 


| сън 5 H " = 
[Sehedule No significant difference between Aerojet. and Avion. 
ЈЕ Hughes schedule too extended, 


| 
| 


4% is 


| No single factor determines the selection of either the Aerojet or Avion 
СҮРСЕ and no series of factors selects either system. The Aerojet system is 
recommended because of: | 


! 

| 

| 
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System Demonstration 


b) Display method has been well investigated and defined. 


The Aerojet system has been installed and demonstra- 
ted as a flight article. The other systems are not as 
far advanced. 


The Hughes system is less desirable because of the extended schedule although 


. the most completely integrated system. 


a) Less development risk due to previous experience or installation. 


с) Aerojet system has been installed and demonstrated in flight operation. 
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T. SYSTEM DESCRIPTIONS 


1:100 Aerojet. The Aerojet infrared system consists of two detector 

' units. The system components represent, qualificati on tested items, the 

! performance of which has been evaluated in the laboratory and in flight 
tests, with the exception of the daylight discrimination modification 
of the tracker. The 5-11 (tracker) and W-1l (acquisition unit) Target- 
Position Indicators are similar in basic design principles, but they 
differ widely in function. Acquisition equipment must be able to detect 

^ targets at a long range and within a large region of space, but does 

not have to indicate target position with a high degree of accuracy. 

' Indication of the direction of a target within а small region of 

^ space is generally adequate for aircraft interception, (Tracking equip- 

ment differs from acquisition equipment in that it must detect targets 

at ranges sufficient for maneuvering into position for firing of weapons. 

The accuracy requirements for the tracking system impose design limits 

on sensitivity and field of view which do not apply to the acquisition 


systems. 


7.110 5-11 Tracker. Design principle is as follows: The 51158 of 
а scanner dise are rotated in a flat scan of the image plane of an ob- 


' jective-lens, and the objective-lens aperture is imaged on an infrared 

| detector by a field-lens. The scanner "chops" the target energy so 

that a train of energy pulses is incident upon the detector; the train 
of pulses defines the target position, and the frequency of pulses 
optimizes the signal-to-noise ratio as processed by the electronic 
system. The scanner slits are alternately slanted in opposite direc- 
tions so that consecutive slits when processed and displayed approximate 


а cross. 


Display is provided by a xenon lamp located in the optical indi- 
cator behind a synchronized (with detector scanner) rotating flat 
scanner which is opaque except for slits. An equivalent target image 
position is projected as a cross on the combining glass and appears 


at "infinity" to the pilot. 


Daylight discrimination, to be added to the production equipment, 
is obtained by a chopper in the focal plane of the objective lens. A 
' reticle pattern subdivides the instantaneous field of view into small 
' alternate zones of transmission. A point source (target) will appear 
in only one zone, generating а high chopping frequency signal. An ех- 
tended source (cloud) covers more than one zone, resulting in a lower 
chopping frequency. Electronic circuitry discriminates the signals and 
removes false target information. 
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1.111 Equipment Characteristics. The 8-11 tracker performs the 
following functions: 


1. Receives target radiation and provides coding of day and night 
target position into time-modulated direction impulses. 


2. Passes to amplifier assembly signals carrying target position 
data. 


~ 


3. Passes to power supply signals indicating synchronism, ог lack 
thereof, of tracker scanner with indicator scanner. 


= k, Provides protection against high-intensity radiation when not in 
| operation. 


5. Ргоуідев for boresighting in aircraft installations. 
Factors or interest on the 6-11 tracker are as follows: 
1. Weight - 7#. 


2. Characteristics 


(a) Fiela of view. 13.5* 
| (b) Equivalent focal length. 8.5" | 
| (с) Focal ratio. 2:6 

(а) Objective арегабаге. зц" 


(е) Lead sulfide detector "Jones 5." 3 X 1079 watt. 
(f) Synchronous transmitter signal 1 V/° error. 


| 1:120 Well Acquisition Unit. The acquisition system optically views 
an annulus in space surrounding the tracker field by deviating and ro- 
| tating the field of view imaged by an infrared objective lens. This is 
achieved by rotating an assembly consisting of a prism, objective lens 
| апа а reticle. The prism is placed in front of the objective lens so 

| that the energy collected by the lens originates from points off the 
optical axis. 


The infrared energy from a target is imaged as a point in the 
focal plane of the lens at which is situated а) reticle with a pattern 
of clear and opaque areas. The reticle rotates with the prism and 
thereby chops the imaged target. А target within the annulus is 


| a oin ےد سفت سم‎ — эгчээ У 


x à سیت‎ UNCLASSIFIED 


! 


FORM ۵۱2 


зэмлэн CONVAIR cen PAGE 18 


PREPARED BY А DIVIZION OF GENERAL DYNAMICS CORPORATION REPORT NO. 2Р-8-053 
СНЕСКЕО ВУ шаасан MODEL 7.102A 
REVISED BY | DATE 9 July 1957 


too M Fn 


detected by the system only when its image is UNCA СОО ЈЕО 


reticle. Тһе width of the reticle represents а narrow sector of the annulus, 
and the length of the reticle extends radially to determine the inner 

and outer diameter of the annulus, 12° and 42° respectively. Targets 

within the annulus are resolved by the system within 5° radial separa- 

tion. The reticle pattern is designed to give a fixed-frequency pulse 

train when a target is scanned. The chopped energy is refracted onto · 

an infrared detector, and the signal from the detector is amplified 
sufficiently to operate a triggering circuit which fires a xenon lam. 

The detector, amplifiers, and xenon lamp are similar to the equivalent 
components in the infrared tracker. 


| Тһе xenon lamp is located behind a rotating mask which has а cut- 
out pattern of an arrow. Тһе assembly rotates in synchronism with the 

| acquisition optics. Energy on the infrared detector causes the arrow 

| to be illuminated by the triggered xenon lamp to give indication of the 

| target direction. These elements are assembled in a form suitable for in- 

' strument mounting in the aircraft. Results of field tests have shown 
that this arrow presentation provides a satisfactory means of indicating 
to the pilot the direction he should turn his aircraft to bring the 

| target within the field of the tracker and thus intercept the target. 

| (Acquisition unit weight is 5.01). 


‚1 lifiers. The amplifier performs the following functions: 
1. Accepts from detectors the signal carrying target-position data. 


2. Amplifier filters апа shapes this signal for indicator present- 
ation. 


3. Passes this processed signal to indicator. 
Factors of interest are: | 
1. Unit size 3.60 wide, 5.0 in. high апа 8.2 in. long. 
2. Weight 3.68. 
3. Characteristics, preamplifier. 
(а) 50 uv input signal gain 500 


(b) Noise referred to ingut  (shorted) 20 цу 
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| 1:132 Power шам Supply. 
functions: 


3. 


7-133 Control Box. 
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h. Driver amplifier, provides 125-V negative pulses to thyration 


circuit over range of input signals. 


l. Input 115v , 400 срв power 
| 2. 


(a) +400v , de, unregulated. 
(b) +150у , dc, serles-regulated. 
(с) +108у, dc, V-R tube-regulated. 
(а) «бу, ас, filament supply. 


(e) 6.3у, ac, filament supply. 


Provides the following to electronic equipment. 


The power supply performs the following 


Provides 2-рпаве 115 У , ЮО eps power to unit drive motor. 


Receives error signal from synchronous transformer in tracker. 


Processes synchronizing-error signal and causes tracker drive. 
motor to reposition to synchroninism with indicator drive motor. 


Contains operating electronic circuiting for sun-protection- 


shutter operation. 


Factors of interest are: 


Unit size, 9.0 in. wide, 5.6 in. high and 8.0 in. long. 


Weight 6.08. 


Accepts power from external power source. 
Provides fused power to power supply. 


Provides control of threshold sensitivity. 


The control box performs the following functions: 


Accepts target indication signal from power supply and transmits 


to indicator. 
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Factors of interest are: 
1. Unit size, 4.1 in. wide, 3.0 in. high and 3.25 in. long. 


2. Weight 1.0#. 


1. 


3. 


el ж 
pproximately 30%. 


| 7..2. h Visual Indicator, Tracker. 


Receives target indication signals from the amplifier via power 
supply and control box. 


Factors of interest are: 
Unit size, 5.0 in. wide, 8.0 in. high and 7.5 in. long. 
2. Weight 6.0#. 
Characteristics: 

(a) Visual flicker frequency, 12 flashes/sec/cross leg. 


(b) Aperature, collimating lens. 2.25" 


2135 Visual Indicator, Acquisition. | 
same as for the tracker except that it is a panel mounted arrow-type 
presentation unit. 


7.136 Power Requirements. 
аге 290 watts. m 


Weight. 


1:10 System Performance. | 
equipment is shown in Figure 3. The expected ranges for the modified 


Triggers a xenon lamp in phase with target indication signal. 


Codes light from xenon lamp by means of moving slits to repre- 
sent equivalent target position. 


Projects collimated light té pilot. 


(с) Боса! length, collimating lens. 
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The following functions are performed: 


м0” 


Functions of this unit are the 


Power requirements for the installation 


System weight, not including installation and wiring is 


Measured range performance with existing 
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production equipment are also included. The infrared sights currently being 
manufactured detect a tail aspect single-jet aircraft with full military 
thrust at 9 n. mi. at 30,000 feet altitude. Multiple engine targets with 
full military thrust have been detected at 18 п. ші. at 30,000 feet altitude. 
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Т.200 Avion. The proposed IR Automatic Search and Track System will 
consist of two infrared optical seekers mounted on the wings of the air- 
craft. Each seeker will have the capability of searching a square field- 
of-view 22.5° by 22.5°. The search rate will approximately be one frame in 
three seconds. The instantaneous field-of-view will be 4.5°. Axial align- 
ment of the two seekers will be adjusted to produce a total forward search 
field of 40° (azimuth) by 22.5°. 


The system will be capable of being programmed to search and track 
modes. The output of the system will be compatible with the input of the 
optical sight of the Е-102А MG-10 fire control system. Іп order to give the 
tracking display accuracy required, a non-linear optical display will be 
used, giving maximum sensitivity in the center of the display. The outer 
portion of the display will then give the direction to fly to acquire the 
target while the inner position will display the azimuth and elevation 
angular position of the target. 


The output signal voltages from each seeker аге brought together 
through a single channel selector relay. The channel selector is used to 
program one of the channels into the optical display equipment. Each chan- 
nel utilizes identical equipment consisting of: (1) optical seeker unit, 
(2) signal amplifier, (3) search pattern generator, (4) tracking indica- 
tor and lock-on relay, (5) precision amplifier and (6) demodulator. 


1.210 Optical Seeker. The optical seeker consists of a space stabilized 
optical tracking gyro and a coated quartz dome. The detector is а 3 х 3 па 
‚ non-precessing lead sulfide cell and а filter with a pass band of 1.8 to 
2.5 microns. The optics consist of a cassegrain type telescope with a 4.5° 
` field-of-view imaged on a chopping reticle. The molded housing vill ђе de- 
Signed to fit either in, or on the wing and will protrude forward of the 
leading edge by 6 inches to keep the gyro away from metal in the wing. 


7.211 Equipment Characteristics, 


1. System sensitivity for 1:1 signal to noise ratio will be 3 x 10711 
watts /em-. 


2. Quartz доше - 3-1/2 inches diameter. 
3. Optics 

(а) 3x 3 mm PbS detector. 
5 Focal Length of 2.25 in. 


с Field-of-view 1,5" 
а) f number :1 
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4. Motor Drive, 


(°) Gyro speed,. 70 + 1 срв 


-220 Pre 
of amplification (gain of 20) апа a cathode follower. 


b) Chopping frequency, 840 eps 
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lifier. The preamflifier consists of & single stage 


It is mounted 


| in the molded optical seeker unit and amplifies the signal from the lead 


sulfide cell. 


cathode follower to the electronics section. 


‚ 1:240 Control Panel. 
| switches and indicator lamps. 


1. 


г. 


„230 Electronics. 
I empllfier, (2) 


and (№) a demodulator. 
imately 600 cu. in. 
cession signals. 


a search mode. 


(а) Gain 15,000 
b) Center frequency, 810 cps 
(с) Band width , 150 cps 


Power required for system: 


The amplified signal is then transmitted through the 


The major units consistuof: (1) a signal 

2) a precession amplifier, (3) a search pattern generator, 
These units will be packaged on a single 
chasis and housed within a standard aircraft cabinet of approx- 

| The electronic equipment has the function of 

i amplifying the incoming chopped signal and provides the required pre- 
Tn addition, this circuitory generates, by means 

of a stepping relay, the voltages required to precess the gyro into 

A final function of the electronic equipment is to 
convert the incoming polar target information data to rectangular in- 
formation. 


1-231 Electronic Characteristics. 
Signal amplifier 


(а) 110 volts, HOO срв, 1 phase, regulated; 75 watts. 
b) 28 volte ас; 30 watts 


The control panel contains the necessary operating 
The mode selector switch will be used 


to select either a search and track or caged mode of operation. On 
l acquisition of a target, Їгош either seeker, the seeker channel indi- 


cator lamp will become illuminated. 


During track of an acquired target, 


| should the other seeker channel lamp light, the indicat on would be 


of another target acquired by the opposite seeker head. 


Switching the 


| channel selector release switch feeds information from the opposite 


seeker head into the MG-10 optical sight. 
when the detector signal level is sufficient to produce lock-on for the 
GAR-2. 
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1.261 Search Mode. Under the search mode, the scan generator 
sets the seeker in the upper left-hand corner of the scan pattern. 
The seeker begins its scan cycle, moving from left-to-right, 

down one "field-of-view", right-to-left, and so on, until five 
horizontal scans are completed. The scan generator then resets the 
| seeker to the upper left-hand corner of the frame and a new frame 

| scan begins. Complete scan requires three seconds. Тһе search 

| pattern is controlled by the position of a set of referend coils 
fixed to the axis of the aircraft. Therefore, as the aspect of the 
aircraft changes, the search pattern changes with it. 


7.262 Track Mode. | Both seekers start to search at the same time, but 
до not operate in synchronism. When a 3:1 signal to noise signal 

is received, the seeker stops searching and tracks the target. On 
acquisition, an indicator is illuminated and signals are fed to МО-10 
fire control system. These signals represent in Cartesion coordinates, 
the position of the target with respect to the aircraft. A dot, 
representing the target, would be presented on the optical sight 
combining glass. 


After the seeker starts to track, should the target be lost for 
а period greater than one-half second, the system returns to the 
| search mode. 


On acquisition of a target by the other seeker, the output 
| is not presented to the optical sight when one seeker is tracking. 
| Presentation from one channel to the other is accomplished by manual 
| switching. Automatic 3 cross-over tracking circuits have not been 
designed into the system. 


| 7.263 Search System. The search system will be a progremmed system 
in which position information will be fed into the precession ampli- 


fier through & Stepping relay. The position information will be defined 
| from combinations of up-down апа right-left reference coils located 
in the head coil assembly. These positions voltages will be fed in 
| series with the axially wound cage coil in such а manner аз to permit 
| gyro movement to a position where the voltage induced іп the cage ы 
coil will null the position voltage. At this point, a null amplifier 
| will activate the stepping relay which selects and injects а пет- 
position voltage. It is possible to vary the search pattern by pro- 
gramming the position voltages, as desired, at the contracts of the 
stepping relay. The search pattern is repeated until a signal exists 
in the signal amplifier. At this point the lock-on relay disconnects 
the search output and connects the signal information to the precession 
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amplifier. The lock-on relay simultaneously energizes а tracking indicator 
lamp on the pilots control panel. A channel selector relay connects the 
tracking channel to the presentation device. The electronics for each 
searching channel are identical up to the channel selector relay. Те relay 
will be provided with a manual release switch permitting the pilot to switch 
from one seareh channel to the other 1? desired. Each channel will utilize 
two ring demodulators to provide the Cartesian coordinate output informa- 
tion to the presentation circuitry. 


1.2(0 System Performance. The system requires а signal-to-noise ratio 
Of 3:1 in order to produce lock-on. Range figures for target lock-on have 
been calculated for the proposed system based on the following assumptions: 

1. В-ђт type aircraft having a tail pipe temperature of 630“ C. 

г. Atmospheric attenuation is neglected. 

3. Tail-on aspect. 

h. Clear sky background conditions. 

Under these conditions a range of 14.7 n. miles (tail aspect) can be 


expected with the optical filter installed. Approximately ranges from 
other aspects are shown in Figure 4. 


UNCLASSIFIED 


TTT 


! 
FORM ча | | 


ANALYSIS CONVAIR | PAGE 26 


PREPARED ВУ A DIVISION OF GENERAL DYNAMICS CORPORATION REPORT No. ZP-B-053 
CHECKED BY سی‎ RIES? MODEL F-102A 
| РАТЕ 9 July 1957 


REVISED ВУ 


{ 
1 


1.300 Hughes. The system, using a modified GAR-2A head, would be 

| integrated with the MG-10. The modified head is basically a scanner 

| with a rapid scan mode for track-while-scan operation. Тһе IR search 
and tracking information is presented on a C-Display which can be 

| operator selected іп place of the radar search display. Controls 
are integrated with the radar mode switch and the hand control. A 
panel light will indicate when signal level is adequate for missile lock- 
on. 


| 1.20 Equipment Requirements. 


1. Search: 90° azimuth, 45° elevation, frame time 2-4 seconds, 
instantaneous feild 0.3° x 4°. 


2. Track: Collapsed field 20, X 10°, frame time 0.25 to 0.5 
| весопав, tracking ассигасу = 1 degree. 


3. Roll stabilization of ТК head, 


| 1.320 Proposed Equipment. The optical system, servo drives, servo 
amplifier, signal amplifier, roll control вупсго and power supply are 
| . contained in а cylindrical unit approximately 5-1/2 inches in dia- 

| E and 14-1/2 inches in length. Estimated weight of the head is 
25. : 


Detection range should be comparable to that ог the Avion system 
(Section 7.270). 


7-330 Integration. Information from the infrared detector would be 
displayed on a C-Display which would replace the radar search display. 
Target marker circle, artificial horizon, and time circle would also 
be displayed. The infrared system would be activated by switching to 
"ТЕ! on a new position which must be provided оп the Radar Mode Switch. 
The infrared system would be put in the tracking mode (collapsed scan) 
by depressing and releasing the Action Switch. Return to search can be 
initiated by pressing the Auto-Search Button on the hand control. 


To integrate the infrared system into the MG-10 system one new 
box 5" X 5" X 8" and weighing about 6 pounds must be provided. ‘This 
box must be located in the nose section of the airplane because of the 
| requirement for low capacitance оп the video and deflection leads. 
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FIGURE 2 
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DETECTION AND CONVERSION 
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NIGHT RANGES OBTAINED WITH МА-10 IR SIGHT (AN/ASG-14) UNDER 
LARGE VARIATIONS ОР METEOROLOGICAL CONDITIONS (TAIL ASPECT) 


FIGURE 3 
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INTRODUCTION 


This preliminary study of the installation of the GAR-X missile іп the 
F-102A airplane has been prepared at the request of the Air Force. 
Three GAR-X missile configurations have been proposed by Hughes 
Aircraft Co. 


1. 133.50" long, 625 lbs. (Ref. HAC Drawing SP-30865) 
2. 113.90" long, 607 lbs. (Ref. HAC Drawing SP-30876) 
3. 113.90" long, 563 lbs. (Ref. HAC Drawing 5Р-30875) 


It is assumed that ultimately only one of the above configurations will be 
produced, hence no provisions for interchangeability have been considered. 


Due to the anticipated operational date of 1959 for the GAR-X, it is assumed 
that the entire modification would be accomplished in a recycling program 
since the production schedule is not compatible with the weapon availability 
schedule. 


Studies show that the most practical arrangement would be опе GAR-X missile 
. in the center bay in place of the existing two Falcon missiles. This would 
confine the modification to the center bay only which, on a retrofit basis, 
would minimize the task. The existing four Falcons in the outboard bays 
would remain unchanged. Те (24) 2. 75" rockets in the doors would be removed 


This change would provide a versatile armament load of one GAR-X missile, 
two radar Falcons and two infra-red Falcons insuring flexibility of armament 
selection. 


Convair has been conducting tests at Holloman Air Development Center on 
an ejection system for displacing the MB-1 rocket from the airplane. The 
success of these tests to date indicate that it is a practical method of 
carrying the weapon. For this study, it is assumed that а similar method 

. will Бедивед for the GAR-X installation. If it develops that certain 
characteristics peculiar to the GAR-X preclude the use of an ejection system, 
then further studies will be necessary to devise a satisfactory displacement 
gear. 
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SUMMARY 


Conversion of the F-102 airplanes to carry one GAR-X missile, 
while retaining four Falcon missiles, can be accomplished with minor 
structural changes and а slight modification to the armament and 
related systems. (Reference Drawing SD-56-08052) 


The GAR-X missile will be installed in the center missile bay 
in place of two Falcon missiles. The existing four Falcon missiles 
in the outboard bays will be retained. 


The long (133. 50") GAR-X will, clear the existing missile bay beams 
by indenting the revised center doors; however, due to the larger folded 
geometry of the short (113. 90") weapons it will be necessary to cut local 
clearance holes in the missile bay beams and to modify stiffeners 
accordingly, ав well as providing indentations inside the center doors. 
In addition a 1" fairing will be required on the outside of the doors to 
provide for the fixed wing portion of the short GAR-X. 


Rockets and their provisions will be removed from the missile 
bay doors. The center missile bay doors will be made shorter and 
révised to accommodate the GAR-X missile. The forward end of the 
center missile bay will be faired over, creating a compartment for the 
marker beacon antenna (now located on the center bay door) and future 
equipment growth. 


The missile bay doors will be sequenced to open individually to 
accommodate the particular armament selected. In addition the outboard 
flipper doors will be sequenced toJopen simultaneously with the center 
bay doors in order to relieve pressure in the outboard bays when the 
GAR-X is fired. Minor changes will be made to the pneumatic and 
electrical systems to accomplish this feature. 


With the proposed armament load, the tactical airplane gross weight 
will be reduced, and there will be a slight aft С.С. shift which will remain 
within acceptable limits. It will be necessary to add ballast for the 
extended range condition. 
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SUMMARY (Continued) 


The change іп gross weight and the C. G. shift will have а 
negligible effect on the airplane performance. 


Installation of the GAR-X weapon will cause no performance 
degradation of the F-102A airplane due to the basic Convair concept 
of carrying all armament internally. 


Recommendation: 


If the fixed wing portion of the short GAR-X can be folded (or 
eliminated), the extent of the modifications to the airplane structure 
will be reduced. 
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DISCUSSION 


The following brief description of the changes required to provide 
for the GAR-X missile in the Е-102А airplane are based upon an 
ejection system for displacing the weapon. The four Falcon missiles 
in the outboard bays will be retained and the rockets and their provisions 
in the missile bay doors will be removed. 
A. General | 

(Reference Drawing 80-56-08052) 


1. Replace (2) center Falcons with (1) GAR-X missile. (Any one 
of the three proposed sizes. ) 


2. Remove provisions for (24) 2. 75" rockets. 


3. Add shorter center bay doors and increase travel to clear 
GAR-X during ejection. - 


4. Fair over forward end of center bay and provide access into 
this compartment. 


5. Revise structure to provide for ejection loads. 


6. Revise door sequencing to accommodate the particular 
armament being launched. 


7. Revise pneumatic, electronic, electrical, and control systems 
as required by above changes. 


8. Modify missile bay beams to clear the wings and fins of the 
short GAR-X. (Not required for long GAR-X. ) 


B. Armament Group 
1. Remove (2) Falcon displacing gear from central missile bay. 


2. Remove provisions for rockets. (The existing outboard doors 
may be retained by removing rocket tubes and blast pans. ) 
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Add ejection mechanism and provisions for (1) GAR-X 
missile. 


Add shorter center bay doors from station 245 to station 405. 75. 


Add indentations inside the center doors to provide clearance for 
the GAR-X wings and fins. Add a 1" fairing on outside of doors 
to provide for the fixed wing cportion of the short GAR-X. 


Modify missile bay beams to provide for relocation of center 
door actuators and removal of existing trunnion supports for 
two center Falcons. Modify hinge for increased ttravel of 
center doors. 


Add local cutouts in missile bay beams and revise stiffeners 


‚ to provide clearance for the larger folded geometry of the short 


GAR-X. (Not required for long GAR-X. ) 


C. Fuselage Group 


1. 


missile. Тһе following frames are affected: Stations 329. 96, 
336. 53, 349. 75, 356. 75 and 363. 75. 


For (ће short САН-Х revise stations 336. 53, 343.10, 349. 75, 
363. 75 ала 370. 75. 


Add structure to fair over forward end of center missile bay 
stations 217 to 245. Add partition between missile bay beams 
at station 245. Provide access door into this compartment. 


D. Mechanism Group 


1. 


nmo maA ОТ 


Revise center bay door actuator mechanism to provide for 
shorter doors and increased travel of door in open position. 
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E. Pneumatic Group 


1. Revise pneumatic system to provide for revision to center 
missile bay doors. 


2. Revise sequencing of doors to provide for the particular 
armament being launched. (Note: Flipper doors must be opened 
simultaneously with center doors to relieve pressure in the 
outboard bays when the GAR-X is fired. ) 

3. Relocate (4) air flasks to center bay forward compartment. 

Е. Electronics Group 


1. Remove provisions for (2) center Falcons and (24) 2. 75" 
rockets. 


2. Add provisions for (1) GAR-X missile in center bay. 
3. Add missile umbilical plug for GAR-X. 


4. Relocate marker beacon antenna from center bay door to 
forward end of bay. 


5. Revise missile auxiliaries to accommodate the GAR-X. (It is 
estimated that two units will be replaced by four. ) 


G. Electrical Group 
1. Delete harnesses and provisions for two center Falcon missiles. 
2. Delete rocket wiring and provisions. 
3. Provide harnesses and provisions for one GAR-X missile. 
4. Revise armament control panel in cockpit. 


5. Revise miscellaneous harnesses, junctions boxes, relay boxes, 
switches, and circuit breakers to provide for above changes. 
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H. Controls Group 


1. Revise elevon control cable and relocate turnbuckles in center 
missile bay. 


ш ша” Б " 


See the following pages for weight summary, C.G. envelope, anda 
| drawing of the proposed installation. 
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Р-102А АТЕРГАМЕ WEIGHT SUMMARY 


Status 29 
Tactical l GAR-X & 
6 Falcon 4 Falcons 
| I 24 Rockets 
Wing Group 3051 3051 
Tail Group 559 559 
Body Group 3371 3472 
Alighting Gear Group 1045 1045 
Surface Controls Group 435 435 
Engine Section 39 39 
Propulsion Group ( 6400) ( 6400) 
Engine Installation 5015 5015 
Air Induction System 697 697 
Exhaust System 132 132 
Cooling System 14 14 
Lubricating System 27 27 | 
Fuel System 396 396 | 
Engine Controls 25 25 | 
Starting System : 94 94 | 
Fixed Equipment Group ( 4377) ( 4201) | 
Instruments # Navigational Equipment Group 145 145 | 
Hydraulic and Pneumatic Group 317 317 | 
Electrical Group 573.5 573 
Electronics Group 2248 2259 
Armament Group 592 406 
Furnishings and Equipment Group 213 212 
Air Conditioning and Anti-Icing Group 237 237 
Auxiliary Gear Group 52 52 


WEIGHT EMPTY 19277 19202 


4 


| 


USEFUL’ LOAD 

Pilot, Survival Kit and Parachute 248 248 
Fuel, Unusable (JP-4) 23.7 Gallons 154 154 
Fuel; Usable (JP-4) 1,050 Gallons 6825 6825 
011, Trapped: and engine 46 46 
Falcon Missile GAR 1-А and/or 1-C 762 ^. 808, 
Missile Launchers 222 148 
2,75" Rockets 432 0 
GAR-X 625 


NORMAL TAKE-OFF GROSS WEIGHT 


"дам uy. 44 
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Normal Take-Off Gross Weight with 625% GAR-X 


Less 
GAR-X 


Plus 
GAR-X 
Beef-up to Structure 
Beef-up to Doors 


Normal Take-Off Gross Weight with 607# GAR-X 


Normal Take-Off Gross Weight with 625# GAR-X 


Less 
GAR-X 


Plus 
GAR-X 
Beef-up to Structure 
Boefeup to Doors 


Normal Take-Off Gross Weight with 5637 GAR-X 


топы раке 


PAGE 6 


REPORT NO. ZP-8-042 (Rev. ) 


MODEL. 


pate 15 August 1956 


F-102A AIRPLANE WEIGHT SUMMARY (Cont'd.) 
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AIRPLANE CENTER OF GRAVITY CHART 1 B 
Page 


Dotted Line Represents F-1024 Tactical Airplane with 6 Falcons, 


2Р-8-042 (Rev. ) 
d h 
and 24 2.75 Inch Rockets . . 15 August 1956 


Solid Line X B 625 Ibo. F-102A Tactical Airplane with 4 Falcons, 
and 1 GAR-X 
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F-102A Tactical Airplane with 4 Faloons 
and 1 GAR-X @ 607 Lbs. 
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F-102A 
AIRPLANE CENTER OF GRAVITY CHART _ 


Е-102А Tactical Airplane with 4 Falcons Page 9 
and 1 GAR=X @ 563 lbs, 2Р-8-042 (Rev. ) 
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FAIR OVER FORWARD ЕЛО 
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INTRODUCTION 


Buffet difficulties have been encountered during tests 
of the TF-102A side-by-side trainer. Preliminary tuft tests 
have indicated that separation is taking place in the region 


of the canopy. 


Presented herein are the results of an investigation 
which should result in an improvement in the aerodynamic 


lines of the windshield and canopy area. 


The change has been confined to the area above the 


longerons. 
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SUMMARY 


The new windshield and canopy fairing will be tested in the CO-OP 
wind tunnel. Should the results prove favorable, this change could 


be incorporated on an airplane for early flight test evaluation. 


The basic side-by-side seating concept can be retained. 


PERFORMANCE SUMMARY 


Existing | With New Wind- 
TF-102A | shield & Canopy 


High Speed 
Combat Ceiling 


Combat Radius 


TORM 1018-4207 


РАСЕ 3 


ANALYSIS с о м VA | 2 А : 

PREPARED BY а имен 2: DON ERA DYNAMICS СОНФОНАТ көн ЕЕРОНТ NO. ZP -8 -032 
СНЕСКЕО ВУ SAN DIEGO MODEL 8 

REVISED BY РАТЕ 24 Jan. 1956 


Discussion: (Ref. Dwg. №. 80-56 -08001) 


In order to show an appreciable reduction in the height of the canopy, 
it is necessary to lower the pilots’ theoretical eye positions two inches. 
This is accomplished by lowering the seats with the electrical adjustments. 
The pilots! down vision over the nose is thereby reduced from, 1157 to 13-1/2°. 
(Equivalent to the Е-108А. ) 


All other items in the cockpit remain unchanged. 


In profile, the windshield slope is reduced which lowers the height 
at the parting line frame. Тһе present "V" windshield is replaced with a 
flat center panel 18" wide. Тһе diagonal panels are then at a less severe 
angle to the center line, which improves the transition from the windshield 
flat into the canopy contour. 


А new profile line has been established from the reduced windshield 
slope aft to station 304. 2 


In general, it is lowered in the forward portion and raised ай in 
order to move the peak of the canopy hump further aft into а more favor- 
able pressure area. 


Due to the contour change, it is necessary to design a new access 
door in place of the existing "АТМ" door. 


The above changes are confined to the area above the upper 105867 0787 
ала between station 70.5 and station 304. 


The following detailed breakdown shows the changes required: 
À. Fuselage 

1. Redesign upper іогаче box statlon 70.5 - 122. 

2. Redesign center line beam station 85 - 122. 

3. Design windshield posts (BL 9 and BL 22). 


4. Redesign windshield longeron. 
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5. Redesign and relocate windshield parting frame. 


6. Redesign windshield glass panels incorporating 18" 
| wide center panel. 


7. Redesign canopy structure: 
a. Parting frame. 
Ы. . Longerons (BL 9 at post to BL 15.38 at hinge). 
с. Corner fittings. 
d. Hinge fittings. 
e. Aft overhead structure. 
8. Redesign canopy transparent panels. 
9. Redesign canopy island structure. 
10. Redesign canopy seals. 
11. Revise canopy hook mechanism. 
12. Design new parting frame attach fitting at Sta. 159. 


13. Reinforce fuselage frame at Sta. 156. 90 due to re- 
| location 01 parting frame. 


14. Rede sign fuselage frames at Sta. 156 and 164 due 
to relocation of parting frame. 


15. Design new ATM door and frame. 
Note: New lines prevent use of straight line hinge 
on top center line which will require either goose- 


neck hinges or removable door. 


16. Design new deck frames from ATM door to Sta. 310. 25. 


1 
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В. Hydraulic System 


1: Revise pneumatic tubing due to rain clearing duct 
changes. 


2. Revise air speed support bracket. 
3. Revise air speed system and tubing above floor. 
С. Electrical System 

1. The windshield anti-ice system and canopy de-fog 
system will require new wiring and schematic diagrams, 
harnesses and connection diagrams. 

2. New windshield anti-ice and de-fog transformers will 
be required causing revision to present installation in 


refrigeration area. 


3. Add one windshield anti -ice transformer and control 
box. 


D. Air Conditioning System 


1. Redesign windshield rain clearing nozzles and one 
duct assembly forward of Sta. 122. 


2. Redesign cabin distribution duct between canted bulk- 
head and canopy longeron. 


3. Redesign cabin safety valve and reroute necessary 
hoses and tubing attaching to the valve. 


Е. Controls System 


1. Revise teleflex routing to accommodate redesigned 
canopy hook mechanism. 


F. Electronics System 


1. Revise installation of upper DME/IFF antenna (use 
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same antenna). 


2. Revise installation of MG-IOT gyro at Sta. 260. 

| | 3. Revise гуго һагпевв. 

4. Revise miscellaneous equipment installations іп area 
of upper longeron Sta. 238 to 266 due to revisions іп 
structure. 

G. Furnishings 
1: Cut-off top of seat rails for canopy clearance. 
2. Revise glare shield. 


8. Revise glare curtain. 


4. Revise stud locations and design new blind flying 
enclosures. 


5. Design new magnetic compass installation. 
6. Revise installation of optical sight and track. 


It is estimated that these changes will have a negligible effect оп 
weight and balance, and airplane performance. 


Weight and balance information and the performance summary оѓ, Î 
the existing TF-102A are included in the following pages. | 
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| ШЕН" WEIGHT SUMMARY 
EXISTING ТЕ-102А TRAINER 
Wing 3, 044 
Tail 315 
Fuselage 3, 816 
' Landing Gear 1, 047 
. Surface Controls 466 
` Nacelle Group 38 
Propulsion Group 6, 317 
Engine 4,980 
Air Induction 612 
Exhaust System 129 
Cooling System 18 
Lubricating System 28 
Fuel System 427 
Engine Controls 36 
Startlng System 87 
Instruments and Navigation 164 
. Hydraulics and Pneumatics 291 
Electrical 563 
‚ Electronics 2,311 
‚ Armament 592 
. Furnishings and Equipment 380 
‚ Air Conditioning and Anti-Icing 237 
Auxiliary Gear 61 
Unaccountable Weight - 45 
. Weight Empty 19,597 
; Pilots (2) 460 
‚ Fuel | 6,9'79 
Unusable 154 
| Wing 6, 825 
Oil 46 
| Тгарреа 21 
Engine 25 
‚ Armament | 1,366 
Missiles (6) | 762 
Rockets (36-2. 00") 382 
: Launchers 222 
· Equipment 36 
Useful Load 8,887 
· Gross Weight 28,484 


Note: Weights are from Actual WeightyandgBalamce:Report ZW -8 -021 for Ше 
ТЕ-102А Аігрізпе. 


FORM 181۱۵ چرے‎ EE 


ШИ Ex S> G /F-/02Z4 Page 8 


CENTER өл GRAVITY — iun 
(P4 Бос) | 
ма | (D GROSS WEIGHT (6 MISSILES & $6 2.00 سم‎ FS) 


(8) GLOSS WEIGHT 1 LESS ARMAMENT) | 


— | Ф FERRY FUEL 9 
| 3/0220 (2) Ағу OUTBOARD FUEL / 
(3) FORWARO FUEL / 
„22202 @ 4er умвомед FUEL OF 


у 
Ч) 
N 
| 
h 
t 
% 
х 
\y 
+ 


FUEL کرس عار‎ 
AJAST GE LESS 
THANE GOPS КЕ 
ғал Mer КАТЕТА" 
$ уа. 


AFF ALROOYNAANS дуу? 
رم‎ WAITH MISSILE DOORS OPENS 
(2) WITH API SSILE DOORS сеоба =} 


2/ 22 23 24 25 26 27 |28 29 зо 
— EOR WARO ¿Z /АУУРТ | 
AET 57е0сге6ее ау” 
(Z) шуууаат EXTERNAL TANKS 


(2) ии EK TERMAL PANES —— 
(SPEED Ф LOAD FACTOR کے‎ REDUCED) 


ہہ سکیا 


IEE m | цана 7 N Page 9. 


у ZP -8-032 
1 Feb. 156 


P ”کہ‎ 


ER : | ПИК аи 2 
= т ПЕЕ) ФЕПЗЕРАМОЗА о AUD CALOPY 


Hi GH SEED Z ALTITUDE 


7:57-9-23 MILITARY FABPORIER 
BASIC 767227 FSTINATE. 
TFY/OZ- ПАКИ ЛИНЕ) 
88 LEIG EROK. | 


4 2 ё /0 42 


ATACH KICMIBEE 


— ت متس جج‎ ана а: yY 


2251 етра. eine بہ‎ (COO SO. Hs. 
~ 


> 


ы; 


UNCLASSIFIED 


COMBAEISOL! OF CEOSS- SEL 


ТЕ-/(О2 1 auo 72-024 шон REVISED 


7024. ша за 
REVISED WINOS ELD E ок) 


/ 2 22 


FUSELAGE ЭГЭЛ | 


TIONAL, AREAS 


4. 


“Се thd, 


Раге 10 
7р-8-032 
1 Гер. 1956 


ДАЛО SHIELD auo Салар 


Ра: کر‎ 
ааа ~ АЕ 7 
Р = d v 
= нар" кө 
AT. c 
пл ЊЕ 


3 Puc Lee 


w í 
` 
1 
N. 
2o a B 7 7 
БЭР? 


UNCLASSIFIED = 


ситни ee --- 


ИГОУИЕЧЕ G 
2. = КЕПЕ СГ 9 Бески СО” ит 01 
| 1O X IO LO АНЕ CW з2гал-1чга E 


P 
3 ша 
t m 
! 
ь 
1 
! 


! 
! 
| 

- - 
| 
{ 
d 


22 ~- 


222. 5S2 /529 
TO 
| 
| 
„3 \ 
Jp Df در‎ sE Pp £ T | 
: Е UA EVIE contour 
š ” «нан وس‎ У, eras 550 
29997) е л | ~ 
axes. یہ“‎ йн 5 2 n хо - хайс 
| 22 zm dt I 
- - 1 is 2. О----- =. =- vico 
7 Psr Да 2 E: NEW пантера ; 
: ЇЕ НТ: 187 کس ہے‎ шиг 
s за и, i 
~ 
| dX 22 ЕР >! 2 
| ë А 
Ч N - وم‎ 
M 1 
| 3 £ -43 oe — 
| я IX! («еме as кота) 
уа ЈИ 
d Th ty © 
| 7ر‎ ћ ЫТА 
| ша Оре тр. or جم جامس‎ я = -- мее 
| ft т 7 


р хоо 


` АЛ 
/ о у РВ 


“ое 
مد‎ ACCESS 0004. 
й 2 РРА | fF ATEN A 


х -— CHAGE AGAVE LONE BO ONAY 


| | 
Lori TWE. EYE MAS BREA caw ERE >” 


r foot? AR Жл nda) 
| 


— — 


C O N V A l R 
- 57027 - 
PEVISED WINDSHIELD f СА 
НЕКУ ЕР ГАРД 


" І 
22 CONVAIR - A DIVISION OF GENERAL DYNAMICS CORPORATION 
-—- 07 | ENGINEERING DEPARTMENT .. SAN DIEGO, CALIFORNIA 


LETTER OF TRANSMITTAL AND SHIPMENT NOTICE 


PAGE... OF. << РАЗРЕЗ | 
3 d | * 
SHIPPEDTO Ts! SERIAL NO. 


| 


ADDRESS CBS : . DATE 


! 
! 
———————À——— —————— Ó | море _____________ 
о 
CONTRACT No. TEM a / р М.О. 


/ 4 


5 | 0 1 | 
LETTER REFERENCE, SQ РТ. 
| 
| 
‘| 
| 
| 
Heréwith Сору No. of Convair Secret Report No. ZP 8-038 


ид Study of the Ғ-102В as a Fighter Bomber sinpleen , (dated 
29 April 1956. 


Please sign 4130 receipt and return to Preliminary Design 
section, San Diego Engineering Department. 


Convair, A Division of бепёгв1 Dynamics 
Corporation. 


| | | 


ВЕСЕУЕ BY 


рАТЕ ‘BIGNATURE 1 TITLE 


| PLEASE ACKNOWLEDGE RECEIPT BY SIGNING DUPLICATE COPY OF THIS FORM "AND RETURNING TO 
С; ENGINEERING ОЕРТ., CONVAIR, DIVISION OF GENERAL DYNAMICS CORP., SAN DIEGO, CALIFORNIA. 


FORM 12.8-1 


FORM 1812А-4 


REPORT__2P 8-038 
DATE Apr. 29, 1956 
MODEL, — FB-102B 
Revised May 23, 1956 


СОМ V A I 
А DI VISION OF GENERAL DYNAMICS CORPORAYIONGA 


SAN DIEGO 


PhEPARED BY 2277 Z. ibe GROUP Preliminary Desig! 


‘ e. REFERENCE 


CHECKED BY OU APPROVED 


NO. OF PAGES 


NO, OF DIAGRAMS 


REVISIONS 


кус = 
ааа ра ае а 
| | [| ee ق8‎ ۱۶ ЕШ 
نےے چا‎ | 
ا‎ ды | 
яанаа. o پچ و‎ — WP — 3zSP 


U N C LL А 

А STUDY OF THE F-102B | Ё 
эт Athorize: | до :2-18- 

AS A D p. ^ : m 

— RBReelassi; -' ч PL 

: A 2 2 -1 

FIGHTER BOMBER AIRPLANE ж Ж, PL 


ANALYSIS 
PREPARED BY 
CHECKED BY 
REVISED BY 


FORM AAS 


PAGE 1 
C O N VAI R REPORT NO. سے‎ 025-058 


® GIVISIGN ОР бұза, UYNAMICR CORPORATION 


БАМ DIEGO MODEL “5/02 
0707 DATE 2”? A PELL TE 
ЭГЭЭ" ЛУННАЯ 


TABLE ОҒ CONTENTS 


PAGE 
INTRODUCTION................................... 4 
DESCRIPTION OF DRAWINGS........................ 2 
WEIGHT SUMMARY می ہرم ری‎ ero ^ hr ry каб 
DRAWINGS D 
PERFORMANCE ӨОММАВҮ...................»........ 9 


MISSIONS се рељефне ки каса ез ФЕ LO 


UNCLASSIFIED 


- — سے سے 


— ——-.. 


ANALYSIS 
PREPARED BY 
CHECKED BY 
REVISED BY 


E 


PAGE 1 
со M p a Жаз REPORT мо. 2Р-8-038 
„Зан DIEGO MODEL ЕВ-1028 


рАтЕ 29 Арг11 1956 


UNCLASSIFIED 


ЕВ-102В FIGHTER BOMBER AIRPLANE 


INTRODUCTION 


This report presents a brief exploratory study of a fighter Ё 


bomber version of the U.S.A.F. Interceptor, now in quantity produce 
tion. The purpose of the report is threefold. First, it is to 

invite the attention of Air Force personnel to the performance of 

the F-102 equipped as a fighter bomber. Secondly, it is to provide 
performance estimates from which Air Force personnel can make analyses, 
comparing the 7-102 with other airplanes under reasonably comparable 
circumstances. Finally, it is to provide a basis for discussions to 
develop the most suitable arrangement of the optimum armament and 
equipment. 


The present Е-102 program includes a plan of continuing devel- 


opment. Е-102А airplanes are now in production. The first Е-102В 
airplane will fly late this year and production will follow. Already 
an advanced type Е-102 interceptor is under pre-design study. 


The Ғ-102В type to be flown in December of this year, will have 


more effective electronic fire control equipment, and a more powerful 
engine installed in it than that in the Е-102А, and it will carry 
improved armament. Its performance as an airplane and а5 a weapon 
will be greatly improved. 


The layout studies and performance estimates contained herein 


are based on the Ё-1028 version of the airplane. The structural 
weight has been increased to provide for ап 8.67 "е" maneuvering 
load factor at combat weight, prior to release of bombs. 


This report is in two sections. The first consists of layout 


drawings of the airplane as a fighter bomber. The second shows its 
weight and performance characteristics. 
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GENERAL ARRANGEMENT 


The Г-102 interceptor is an all weather supersonic fighter 
designed to destroy enemy bombers, Its conversion to & fighter 
| bomber is relatively easy due to the favorable location of fire 
| control equipment and armament. Drawing 50-56-08015 shows the. 
general arrangement and exterior dimensions. They are the same 
as those of the interceptor. 


A number of important characteristics of the Е-102 are &ttribu- | 
table to its general arrangement, | 


The delta wing shape does not stall in the normal sense, 1.е., 
its lift curve does not drop abruptly with increasing angle of attack. 
Above 30° angle of attack, it gradually decreases. However, the 
attainable angles are arbitrarily made less than about 20°, This means 
that a pilot is able to make use of all the available lift coefficient 
without fear of a sudden loss of lift. Also, it is possible for him to 
maneuver at high altitudes without the sudden losses of considerable 
altitude. 


Because of the above, the airplane will be very difficult to spin 
| if it із spinable at all. 


| The tailless delta wing design does not utilize flaps and slots, 
ћепсе its wing area is made greater than that of the wing on a convention- 
ally designed airplane. Тһе deltea's greater wing area results in greater 

| wing volume. This is turn permits carrying а large amount of fuel, Drag- 

| wise, the increased wing area is offset by the absence of а horizontal tail. 


The absence of flaps, slots and a horizontal tail tends to simplify 
the pilot's job, simplifies maintenance, improves anti-icing and tends to 
make the whole airplane more rugged. 


The delta wing shape, itself, is inherently rugged, closely approaching 
the ideal cantilever beam. 


Armament, (rockets, missiles and bombs) released from the F-102 have 
followed smooth, stable projectories. It is believed that the vertically 
disposed &rmament bay doors at the mid. fuselage location and the pressure 
field under the large chord wing, combine to produce а region of relatively 
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released armament to. Ет рева "enough to penetrate any region of 
disturbed flow which may” exist without appreciable deviation from its 
intended course, 


INBOARD PROFILE 


The inboard profile drawing No. 50-56-08016 shous how the space 
available has been allocated to fighter bomber equipment. There is 
ample room for the radar, fire control, bombing, navigation, communi- 
cations and other electronics equipment in the spaces ahead of, and 
immediately aft of the cockpit. These spaces are used for similar 
installations in the interceptor. 


The rear armament compartment can house the new armament, inter- 
nally stored. Rockets can be mounted in the armament doors as they are 
on the interceptor. The forward armament compartment is available for 
additional internally stored fuel. 


The equipment selected for communications, short range navigation, 
all weather take-off and landing, identification and tail warning are 
standard items. An inertial system has been selected for long range 
navigation. | 


Тһе bombing system utilizes a Convair SARTACK type high definition 


mapping and ranging radar and a General Electric bombing computer, 


similar to the E-30 system, together with a General Electric optical 
sight head and an infra-red tracker. The virtual image from the infra- 
red tracker appears on the optical sight combining glass. 


The above equipment will provide а versatile all weather bombing 
system with loft, toss, over the shoulder, level and dive bombing 
capabilities under all conditions of visibility. Conventional bombs 
or special weapons can be released at all speeds, utilizing either the 
optical sight with radar ranging, or complete radar operation. Rockets 
or I.R. missiles may be fired at all speeds, utilizing either a visual 
or infra-red indication on the optical sight with radar ranging. 


ALTERNATE INSTALLATIONS 


A drawing of alternate possibilities, SD-56-08017, shows some of 
the fuselage space utilized for different purposes than previously 
indicated. Іп the sectional views at the top of the page, conventional 
bombs or missiles have been loaded into the armament bay and bombs 
loaded at the wing tank position. 
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Ав а sade амай: Pisano, | "ug 2 дела Тыш 2591 ‘sould: be carried 
internally by baking próyin о дан yA phem; 4^ {һе forward armament 
bay, instead of fuel. x 


A trainer version of the interceptor is being designed by 
reshaping the fuselage, above the upper longeron, and installing a 
second cockpit. Thus the design for а two place version of the 
Fighter Bomber F-102 will be available, Тһе second cockpit is shown 
in the side view. 


To make a tanker for "buddy" missions, 1% is visualized that 
additional fuel and a drogue dispensing rig would be carried 10 the 
aft armament compartment. This is not shown on the drawing. 
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REVISED BY 2 ОАТЕ 29 Арг11 1956 


7 НТ SUMMARY 


Lbs. Lbs. Lbs. 

Wing 3,752.9 
Tail 687.0 
Fuselage 5,523.5 
Landing Gear 1,404.2 

Main 1,182.7 

Nose 221.5 
Surface Controls 480.9 
Nacelle Group 37.0 
Propulsion Group 8,197.3 

Engine 5,925.0 

Air Induction System 911.9 

Exhaust System 262.0 

Cooling System 45.8 

lubricating System 50.7 

Engine Controls 28.1 

Sterting System 70.6 

Fuel System 903.2 
Instruments 123.4 
Hydraulic & Pneumatic Systems 397.5 
Electrical 546.0 
Electronics 1,644.4 
Armament 405 „О 
Furnishings 269.0 
Air Conditioning & Anti-Ice 320.3 
Auxiliary Gear 57.6 
WEIGHT EMPTY 23,846.0 
Pilot (with gear) 270.0 
Unusable Fuel 234.0 
Oil-Engine (Including Trapped) 60.0 
Fuel 19,621.0 
Armament (Including 374 lbs. rockets) 2,174.0 
External Tanks & Pylons 550.0 
Cameras. 45.0 
USEFUL LOAD | 22,954.0 
GROSS WEIGHT 46,800.0 


UNCLASSIFIED 


FOR ےرت‎ 


Military Power 
Military plus Afterburner Power 


* Design Т.0. weight less all fuel and. 29ء"‎ tanks. 
Яв Weight over target ~ Mission No. 3 ا‎ 


### Operating weight empty e reserves. 
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PREPARED BY A Divin шығы долгояктон REPORT МО. 2Р-8-038 
СНЕСКЕО ВҮ ще (ЗУ جج‎ Зэ MODEL. FB-102B 
REVISED BY 7 ве ндер а "qi x ПАТЕ 29 April 1956 
| Р & Ч GEL f TUREOJET 
T-102 FIGHTER BOMBER AIRPLANE 
| BASIC ARRANGEMENT PER DRAWING SD-56-O8016 
Weights 
| Design Take-Off 46,800 188. 
Maximum Fuel 19,805 Ibs. 
Operating Weight Empty 26, „629 lbs. 
Combat #* 35,100 lbs. 
| Landingê** 26,500 lbs. 
Speeds (At Combat Weight of 35,100 lbs.) 
Maximum at 35,000 ft. with Max. Power М = 2.00 
| Maximum at 35, 000 ft. with Mil. Power М = 1.00 
| Cruise Speed, Optimum (w/wout external I 
fuel tanks) 531 knots 
| баш (At Combat Weight of 35,100 lbs.) 
| Maximum Rate of Climb at Sea Level 34,200 fpm 
Combat Ceiling (Ме .94) 51,200 ft. 
| Teke-Off Ground Roll at Design Take-Off Weight 3,500 ft. 
| Landing Ground Roll at Landing Weight 
With drogue chute 2,410 ft. 
No drogue chute 3, 250 ft. 
| ine Ratings (Р 6 W Spec #2604) 
| : ES 
Normal Rated Power 13,500 lbs. 


15,500 lbs. 


23,500 lbs. 


я | 
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MISSIONS 


In the missions shown on the following pages, the fuel 
allowances and reserves are as follows: 


| (1) The allowance for warm-up, take-off and acceleration 

| to climb speed is the amount of fuel burned Бу the engine at sea 

| level іп 5 minutes of normal rated power operation, plus опе minute 
of full afterburner operation. This is the standard take-off fuel 
allowance o 


(2) Fuel held as a landing reserve is the amount of fuel 
burned by the engine in 15 mimites of operation at the speed for ° 
maximum endurance at cruising altitude, plus fuel for one missed 
approach and ап instrument "go-around" plus 5% of the initial fuel. 


(3) During "buddy" missions, the fuel held in the bomber 
for use at the transfer point is 2-1/2 percent of the initial fuel 
for both the bomber and the buddy airplane, plus fuel for 20 minutes 
of loiter at cruising altitude. The tanker airplane has a like 
reserve. The tanker unit carries sufficient fuel so that each airplane 
has a landing reserve of the amount of fuel needed for 15 minutes of 
operation at the speed of пеши endurance at cruising altitude, plus 
one missed approach and an instrpment go-around, plus 2-1/2 percent of 
the initial fuel for both airplanes, 


(4) The customary 5% has been added to the engine manufacturer's 
SFC!s in the computations of all the missions. 
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